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Celebrating A Five-Year Anniversary 
A Model Partnership in the Intermountain Region 








ithin the boundaries of the 
Park Service's Intermountain 
Region, long esteemed for its 
great natural areas, are some 
of the most distinctive, and imperiled, cultural 
resources in America. 

The Region's cultural resources stretch across 
a broad spectrum beginning with Pre-Columbian 
sites abounding in the southern reaches, along 
with a rich variety of Spanish colonial units, each 
saturated with historic fabric that pre-dates 
European settlement in the east. As one moves 
north, there's a host of frontier sites. including the 
location where the fiaal spike was driven to com- 
plete the transcontinental railroad. a frontier cattle 
ranch, and battlefields important to the Indian 
Wars 

There are areas that commemorate the 
Mexican War. the Civil War, and even fairly recent 
architecture and construction practiced by the 
Civilian Conservation Corps during the 1930s. In 
fact. based on legislation. more than half of the 
Region's parks would be considered as having 
more historical than natural significance. Since 
these are more oiten smaller parks, we have to be 








extremely sensitive to their needs and vigilant in 
designing preservation strategies. 

How do we protect our cultural wealth in the 
face of downsizing and declining budgets? Now 
more than ever, we are looking to outside entities 
for assistance. Our focus is directed toward caring 
for some of the basic deficiencies we see in our 
resources without asking for handouts because the 
fact is we are not the only ones with a vested inter- 
est in these resources. Yes, we are the caretakers. 
but the American people and American institutions 
of all sorts are the owners and beneficiaries. All are 
enriched by the preservation work we do. 

Fortunately, we didn't wait to seek partners 
until the downsizing began. In March 1992. | 
signed a cooperative agreement with the University 
of Pennsylvania. As a result, our labors have 
already begun to bear fruit. Ever since putting my 
name on the dotted line. I've followed this project 
with great interest. And | like what I'm seeing. It's 
gratifying to watch park staffers get down in the 
historic dust and debris with university graduate 
Students and come up with original, workable solu- 
tions. 

Scientists are learning how to deal with day- 
to-day maintenance and cope with nitty-gritty 
preservation problems while veteran staffers dis- 
cover that. at times, theory can be effectively 
applied to practical issues. New energy and new 
ideas blend with experience-based know-how to 
create a powerful synergy which is solving both 
general and some specific preservation problems at 
the parks. As you read this issue of CRM. you'll 
learn how a partnership can make this happen. 

In the cultural resource area, we are seeking 
partners whose expertise and resources can join in 
a common effort to apply the best conservation 
approaches and methods to achieve our mandated 
poal of passing on resources unimpaired. One of 
my personal goals. for example. and one that is 
high on the NPS agenda. is dealing effectively with 
tribal issues. When | visited E] Morro. | was happy 
to learn more of the consultation with Zuni repre- 
sentatives which occurred because it's a good 
example of reaching out to and respecting a 
broader constituency. 

This issue of CRM is a testament to shared 
commitment. shared values. and common ground. 





John Cook is Director of the Intermountain Region. 
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Ernest W. Ortega 


Strategic Planning for —— 


Map courtesy NPS. 


ultural Resource Management in 

the Intermountain Region is 

emerging from the restructuring of 

the NPS with new mandates for 
comprehensive services. CRM programs in the 
Santa Fe and Denver Offices: and the Western 
Archeological and Conservation Center, are 
charged with the task of providing assistance and 
services in the disciplines of history, architecture. 
curation, conservation, archeology. and sub- 
merged cultural resources. In the world of shrink- 
ing budgets and staff, our increased 
responsibilities are made even more challenging! 
Simply put. we have to find new ways of doing 
things. Partnering is one way to acquire external 
professional expertise. In particular. collabora- 
tions with universities, managed by NPS profes- 
sionals, have proven beneficial. The continuing 
cooperative agreement with the University of 
Pennsylvania, | feel, serves our enlarged clien- 
tele—the parks and partners of the 
Intermountain Region and their resources. 

Formal partnerships are essential to devel- 

oping fully-integrated cultural resources programs 
throughout our Region. In an April 22, 1996. 
memorandum. President Clinton directed agencies 
to work on a legislative proposal “that would 
make permanently available to the National Park 
Service the authority to enter into cooperative 
agreements on behalf of parks.” Thus. the utility 
of public-private partnerships is recognized at the 
highest level of government. It is appropriate for 
central ‘Support Offices to 


vided in this issue of CRM 
indicate the value of multi- 
ologies being exported from ~ 
one park to another. The 
examples further demonstrate 
how a central office can con- 
tribute to on-site preservation : 
projects by making available ~ 
the benefits of long-term 
research to park management. 
Although our CRM staffs 
are reduced in size, they are 
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more capable than ever of providing focused 
preservation services. During the past year, we 
worked diligently to ensure that the strengths of 
the programs were re-defined and unified to 
enhance responsiveness. We intend to consider 
questions about how best to provide long-term 
risk management and preventive conservation of 
the resources under NPS stewardship. Although 
stop-gap and immediate measures are sometimes 
needed, we must renew our commitment to long- 
term solutions. Agreements like the one with 
UPenn have helped us do just that at San Antonio 
Missions, Mesa Verde, Fort Union, El Morro, Fort 
Davis, and most recently, Casa Grande. 
Partnering, building a team of individuals and 
institutions, creates stakeholders with mutual 
interests. 

This CRM highlights the University partner- 
ship and offers us the chance to reflect on and 
honor five vears of professional teamwork. train- 
ing, and accomplishment in project work and fun- 
damental research. Some of the valuable ideas 
have been exported beyond NPS to the larger 
preservation community: let's continue to follow 
this path. 


Ernest W. Ortega is currently the Director of the 

Intermountain Cultural Resource Center (ICRC) in 
Santa Fe. NM. and the Western Archeological and 
Conservation Center in Tucson, AZ. On October 1. 





1997. the ICRC will be fully incorporated into the 
Southwest Support Office. 
NPS INTERMOUNTAIN REGION 
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Frank Matero 


A Unity of Theory and Practice 


ay nen Research and Trainin 
the University of Pennsylvania and the NPS 


he establishment of the National 
Park Service in 1916 and its man- 
date to preserve and manage the 
country’s most significant natural 
and cultural resources in public trust constitute 
one of the most important acts of the early 
preservation movement in the United States. 
consider to be among the most significant and 
influential of socio-cultural issues of the late-20th 
century. In 1981, the Graduate Program in 
Historic Preservation at the University of 
Pennsylvania was established in response to the 
rising need to provide a truly integrated curricu- 
lum of advanced study for architects, landscape 


courses selected to structure an area of emphasis 
within the field of preservation. These areas of 
Conservation and Cultural Heritage Management 
for the two-year Master of Science degree and 
one-year Certificate. the latter for experienced 
professionals and students enrolled in the 


Between 


options focused on historic monuments and sites. 
house museums 2nd collections. cultural land- 
regional areas. An Advanced Certificate in 
Architectural Conservation provides an additional 
opportunity for those who have completed the 
Master of Science degree with an emphasis in 
technology. A second internship of one additional 
semester of supervised applied research is 


One umgue component of the program's 
commitment to advanced training and technical 
researc’ in the conservation of the built environ- 
tory of its type in the United States designed solely 
for teaching and research in the field. provides an 
intellectual environment within the Graduate 
School of Fine Arts focused on the development of 
scientific and philosophically sound solutions to 
the conservation of our world heritage of historic 
Through coordinated comprehensive programs of 
ages collaboration between academic and profes- 
and field training related to the technical conser- 
vation of immovable cultural property. This has 
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Conservation, Restoration, and Museclagy in 
Havana, Cua, and Istanbul Technical University. 

Recognizing the direct and inestimable 
importance of academic research and training to 
the preservation and management of our cultural 
and historical heritage, the University and the for- 
mer Southwest Region of the NPS entered into a 
collaborative partnership in 1992, to explore the 
mutual needs for apphed research and training in 
conservation and cultural resource management. 
For the past five vears. despite shrinking fiscal 
resources. both institutions have tackled the issues 
of technical research and professional training in 
conservanhion with 2 global perspective focused on 
noration of park resources. As a result of the coop- 
erative agreememt, 104 graduate and 18 
posi-praduate students have received unique expe- 
nences across 2] projects. 
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As a component of cultural resource manage- 
ment, conservahon has as its fundamental objec- 
ve the proiechon of cultural property from loss 
and deplenon. Like al] disciplines, conservanon is 
a discrete branch of learning based on an agreed- 
upon bady of knowledge and academic training 
and has emenged as a scientific methodology con- 
cerned primarily with the material well-being of 
cultural property by observing and analyzing the 
evolunon. detenorahon, and care of buildings: the 
conducting of inveshgahons to determine the 
cause, effect. and solunon of building problems: 
and the directing of remedial imtervennons jocused 
orto my ~ Sesame ate of the 


nities with the country's cultural and natural 
resources. Early proponents of the National Park 
and the ability to have an authentic expenence 
awakens a desire ior explananon. jor an increase 
in knowledge making educahon 2 continuous 
developmem of an active program of apphed 
research and training through the use of the 
national parks as field laboratonies. The germ of 
its founding with the first director, Stephen T. 
Mather. through use of the nanonal parks and 
monuments by universimes and colleges as oult- 
door classrooms or field schools to supplement 
academic study in the natural sciences. In 1918. 
recognizing the growing importance of nahonal 
parks as field laboratories for educational imstitu- 
nons, a National Park Educanonal Commutiee was 
Association. By 1930 the Branch of Research and 
Educanhion was established im Washington, DC. to 
coordinate the various educahonal phases of park 
work in natural and cultural resources. As stated 
by the NPS at the time, “Universities may afford 
better lectures, but it ts believed that nowhere can 
people find better objective materials for study or 
receive better training in imterpreting phenom- 
resources have become ever more complex due 10 
the amount of iniormahon needed about resources 
to understand. protect. and preserve them. Critical 
ming of routine monfonng and evaluahon of con- 
As earhy as the late 1950s, the Southwest Repion 
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treatment approaches focused on the stabilization 
of stone and earthen ruins. In the 1970s this 
expanded to include cooperative research on site 
testing pragrams to develop and evaluate current 
and proposed future treatment considerations. 
This effort. remarkable for its time. has been 
nearh jongotien with changes in personne! and 
management structure. but the partial combimua- 
non of the truuts of the research point the way to a 
methodological approach to long-term resource 
management rather than what specific products or 
techmiguies 10 wse im the short-term. 

Now, as then, it ts clear that proper imtenpre- 
tahon and pratechon of park resources ts depen- 
dent upon the possession of accurate scientific 
knowledge through the development of imstitu- 
nonal partnershaps. This ts especially true for cull- 


tural sites. as relevant technical research its heavily 


underfunded and therefore unavailable for appli- 
canon, and professional con- 
servahon involvement has 
been slower to develop and 
be apphed than for the mat- 
ural or physical sciences. By 
identitving and developing 
park-specific problems as 
larger iopical or regional 
sues such as the preserva- 
non of earthen architecture 
im and environments or the 


Hecause of the wnigue mutlti-discrplimary 
nature required dor the consen.ation of culltural 
property, one primary fonm of imionmation transfer 
is throwgh supervised work expenence. imiennshap 
provides immediate and constructive feedback ata 
Onitical point in a student's or practitioner's career. 
The pragmatic mix of improvisation and ngorous 
attention to detail mecessitated iby the comtingen- 
oles of field neseanch make a lasting impression on 
students who have known onhy classroom situa- 
tions. As a result, field experience through pradu- 
aie and post-graduate internship programs 
conducted through NPS collaboration hhas allowed 
a onitical component of the professional traming of 
conservators to he realized while providing much- 
needed service to park sites. 

The hasic tenets of conservation are mat ithe 
sale responsibility of amy one professional group. 
They apply instead to all involved in the preserva- 
tion of cultural property and represent general 
standards of approach and methodology. The 
application of technology must be founded on a 
profound and exact knowledge of the history of 
the resource and its comtert, on the materiality of 
its physical fabric, on its collective cultural mean- 
ings and walues over time, and on its role and 
effect on cunrent society. idealhy the process must 
be browcht hack iio a resource management strat- 
egy so that the conservation project becomes inte- 
grated with imierpretation and maintenance. 





Frank Matero ts Associate Professor of Architecture 
and Chairman of the Graduate Program im Historic 
Preservation ai the University of Pennsvivania. He its 
guest co-editor of thes tissue of CRM. 
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arrived after hours at the head- 
quarters of Casa Grande Ruins 
Monument 10 participate 
in the fimal days of the NPS/UPenn field school 

rr, which had been running since the end of 
Senemvent Field December. In the middle of the group seated at 
School in progress, ‘the large conference table (converted for the 
january 997. evening into 2 dining table) an extra place was 
—_— set. ] received a hearty holiday preeting and a 
a 


warm plate. lt was a lively and engaging evening 
celebrating two difficult weeks of wncharacteristi- 
cally cold wet weather for Coolige, Arizona. This 
was completing a condition survey of the exierior 
walls of the multi-story earthen Hohokam monu- 
ment. While field school tasks have become 
almost routine after five years, this evening 
reminded me that historic preservation is not 
ony about materials, techniques, or chemicals, it 
is a humanistic endeavor of reflecting on and 
building bridges to our shared past. 

During the last five years, our work with the 
Architectural Conservation Laboratory at the 
University of Pennsylvania attests to the effective- 
ness of collaboration. Our successes result trom 
of responsibility, and a humble attitude. Also. we 
recognize that we do not want to work im an iso- 
lated environmen and our efiorts are enhanced 
preathy by working together. Our goals are 10 
entarge the sphere of conservation through state- 
of-the-art research. 10 demonstrate field-relevant 
treatment and 10 present ow work to the pubic. 

The Liniversity approaches problems more 
hohstically than the NPS. its orientation is theo- 
retical: seeing how the problems fit into the whole 
comiext of conservation. The NPS budget pracess. 
on the other hand. necessitates vearh planning. 
theee years at best. National parks have a host of 
deterioration. peeling paint. dramage problems. 
eroding mortars. cic. To our credit. we usually 
respond efiectively, identifying the worst case situ- 
ahons and making repairs. but our efiorts are jim- 
ited by short-term goals defined by budget cvcles. 
Through collaboration with Penn. we have been 
able 19 meld practical applications with theoretical 
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understanding, facusing on long-term object es 
The collaboration began in 1991) when 
problems were identified at Fort Linion Nation; | 
Monument in New Mexico and Fort Davis 
National Historic Site m Texas. Park managers 
alerted cultural resource staff about the loss of 
mentary remains record the crattwork of the times 
and contribute to an important story. The style of 
imienor walls. decorative surtaces, and territorial 
architecture all evoke )9th-century tromtier army 
tiie and represent the spirit of westward expansion 
that seized the country's imagination. As with all 
they can not be recovered. And 2 general survey of 
reveals how rare these tactile bits of history are’ 
however, as with any other authentic material cul- 
tive. is both unethical and unrealistic. So. in 
1992, after a preliminary field pilot season, 2 
launched. From the outset we were not searching 
for a “quick dix”; rather, we wanted to lhe part of 2 
continuum, realizing we are neither the first nor 
the last to do this work. 
addressing the problem of how to re-establish 
amo the weaker adobe substrate (earthen bricks). 
in the course oj the collaboration. we discovered 











Fort Limon sum 
mer fretd schoo! 
Prato ty Angein 
Sass 


new methods and maienals: 
extensnvehy documented work: 
and provided praduair students 
with ithe Opportunity to gar 
hands-on expenenae. After sev 
otal \wearh, Our iacus expanded ito 
atte planning and management. 
The field schoo! was transionmed 
Into a tonum on the long-term 
preservation of adobe mums. The 
MOH! recent product has heen a 
preservation action plan which 
the park can wee for 10 to 20 
vears. The plan addresses the 
difficult task of managing preser- 
vation of an earthen mun: it 
doesn't rehy ony on chemical 
Imtervertions to strengthen adobe. hut targets |lim- 
fed neROMrces to areas requiring difterent levels of 
Intervention. 

For Davis. The preservation issues at Fort 
Linion were also relevant to Fort Davis: however. 
in this setting. a tange of treatment philosophies 
trom complete restoration to virtually untouched 
rumed fabric in sity made tor a stimulating educa- 
tional and interpretive environment. it also pro- 
vided an opportunity to present conservation work 
a 2 COMMErpO io restoration. 

Mission San jose. Known as “Queen of the 
Missions.” San jose in San Antonio Missions 
National Historical Park considered among the 
test Spanish Colonial Barague architecture im 
North America The decorative stonework ihas 
heen of concern to ithe NPS for some time. The 
Cultural Resources Center and the Park recognized 
the fragility of a column an the ruins of the con- 
vento during the late 1980s. A management deci- 
sion wats Made to conserve the deteriorating and 
compromised column instead of replacing it. As 2 
result of earlier mappropriaie treatments. some 
questioned the value of treating the stone at all. 
This hands-off attitude may be walid im protected 
sites and interiors butt exposed mins or exterior 
fabric at risk require protection to mitigate deterio- 
ration. The devotion of San Antonians tor their 
missions was proudhy indicated when a grant was 
park's irends proup. Los Compadires de San 
Antonio Missions. On the heels of this efiort. 2 
comprehensive ruins stabilization project was 
launched. An important spin-off of these collaho- 
tations has been a research effort initiated by the 
lacal Roman Catholic Diacese with the University 
focused on some of the ornamental limestone tea- 
tures of San jose Church. 

©) Marre. First viewed trom the Highway 53 
approach, insoription Rack ai £)] Morro National 
Monument appears indestructible. Close-up 
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inspection, however. reveals disappearing and 
iragile imsoriptions. Lacking iniormation trom pre- 
vious conservation efiorts. the Park and ithe 
Cultural Resources Center embarked on a dacu- 
mentation and condition assessment project which 
led to a series of laboratory studies and fidid tests 
including a sequence of non-destructive testing of 
treatments. A longterm pragtam itor imscription 
preservation was initiated. A mew partner was the 
Zuni tribe, descendants of those who inhabited ithe 
region prior to Luropean colonization. The many 
petragivphs at Ol Morro attest ito thei cultural 
affiliation and consultations with tribal cepresen- 
tatives led to the development of culturally and 
technically appropriate treatments based on ithe 
NPS goal of managing and slowing deterioration, 
not stopping natural processes. Our work tacused 
On treating non-natve maonptions. Zam cepresen- 
tatives were comiortable with this approach and 
Our consultations lent credence ito ithe philosophy 
of tribal inclusion. The pilot work established ithe 
viability of a very lim*ted ume of applied itreat- 
ments, selected and lacalized to specific msacnp- 
tions. It continues. 

Mesa Verde. Lime plaster preservation at 
the trontier torts evolved into work on earthen 
plasters and decorative finishes im pre-Colunthian 
sites. At Mesa Verde National Park, cesource man- 
agers held preliminary discussions leading ito 
reconnaissance missions at cliff dwelling sites. The 
park sdlected Mup House as a project tacus. A 
Getty institute Grant matched limited available 
iunds and a pilot was launched tecusing closely on 
one set of structures and even more closdhy on a 
partioular kiva. Other partners included English 
Heritage which set wp 2 program of environmental 
monitoring madidied on systems applied at archeo- 
logical sites in Great Britain. The results represent 
a holistic approach utilizing computer documenta- 
tion systems detailing layered data recording of 
surtace phenomena. This pilot work has recenthy 
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Dows B26. Photo 
ty the author. 
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heen applied to Casa Grande Ruins Nation? | 
Monument where park management had noted ithe 
problem of recent suttace material losses. Thus, 
systems, methods, and even specitic solutions are 
exported to other areas. 

Long-awaited research findings eccurred 
when ithe study on wses of an aorvlic emulsion 
earthen amendment, Rhoplex® AC-330, at Mesa 
Verde, Chaco Crlture National Historical Park, 
and Aatec Ruins National Monument was com- 
pleted. This thesis by a Penn grad student serves 
as a made! for the larger inquiry of examining past 
and current earthen amendments iin use through 
out pre-Columtbian sites in ithe Southwest. ‘Soil 
cements and other admixtures continue ito ihe ised 
where fidid experience warrants. 

By our fifth year we have 
accomplished a tremendous 
amount. We have collaborated E ¢ 
on 20 projects using 1) sutbagree- 
ments and 9 madifications. Our 
agenda continues to expand. The 
NPS thas a leadership role ito play 
which includes induction of stu- 
park programs. Our cooperative 
agreement with the Liniversity 





preserving vital parts of our 
Liniversity offers its students the 
opportunity to apply classroom 
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knowledge in ithe eid. The tei provides teseatch 
proplems explored through thesis and laboraion 
work 

The collaboration supports the goals 
expressed in ithe Vanishing Treasures initiative 
which is currenthy providing impetus tor NPS mums 
preservation in ithe Southwest. Vanishing 
Treasures emphasizes longterm pragrammatic 
approaches over immediate comedies. (i encour 
ages a thorough understanding ol ithe efiects ol 
previous and current treatments. As a result, 
improved record keeping and site montiormy will 
hecome accepted practice. The Liniversity helps 
set high standards in these mractices 

Cooperative agreements are hemp soruti- 
nized by NPS administrators to aagertam if cach 
remains aligned with tts orginal purpose and 


design. | is important (to mote (that ithe agreements 


Should mot cicaumvent open competition in pre- 
curement of services. The coope ative agreement 
only dunctions when true collaboration is at work, 
and each partner is rewarded iby ithe joimt effort 
The process of accomplishing and managing 
preservation taoric work remains ithe imterna! 
responsibility of the National Patk Service. 

The articles presented in this issue of ORM 
provigc wetails of this dynamic. ‘higtily praductive 
five-vear partnership. The authors all worked with 
help trom patks and Cultural Center staff. The tes- 
timonials from administrators show ithe bond 
developed between staff, researchers. and preser- 
vation technicians. Above and ipevond our project 
results, ithe preatest achievement (has heen the 
development of preservation professionals with an 
moreased knowledge about and commitment ito 
preservation of some of our nation’s most precious 
cultural resources. 





lake Barrow us @ (Project Manager im ithe 
Conservation Program of the (intermuuniain Cultura! 
Resources Center. He is guest cv-editor of this issue of 
ORM. 
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Harry C. Myers 
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twas at ithe “Adobe 90" conierence in 
Las Cruces. Seew Wlenice, that |! met 
Frank Miatero of ithe Liniversity of 
Pennavivana. At thal conierence fake 
Bartow and Batbata Zouk of the Conservation 
Program al the Southwest Cultural Resources 
Center hasied an imprompiu meeting about Fort 
Union National Vionument im New Viexico and 
Fort Davis National Historic Stie im Texas. ort 
Linton Nationa! Vionument encompasses over 70 
acres Of adobe mums. ithe latest adebe tums in 
the Lintied States. and the subject of how best ito 
preserve this milttary post (active trom 
L85 |] AL89\1)) was discussed 
These preliminary discussions led to a pilot 
lield evaluation program im ithe summer of | 99) 
where a small putenthusiastic group. led Dy rank 
Mater). assentbled ito try to find solutions ito the 
problem of original lime plasters ialling off the 
adhe walls. The patk could not address itis need 
The work of keeping the adobe walls preserved 
accupied all of our preservation crew's time 
lake Barrow worked with ws and (UiPenn in 
loging the cooperative agreement. LiPenn graduate 
Student Angeivn Bass ook on a thesis topic ito fip- 
ute out the est grouting materials tor ithe job 
Atter the fidid trial and a vear’s worth of lab work 
and research. ithe Liniversity team convened ithe 
fest field school in the summer of 992 
The project has been a success tor hort 
Union. Plasters m ithe Mechanics Corral nave 
been preserved in situ. and ithe summer field 
sche! program has continued through (997 
During all this work our maimtenance stafl. and 
patticulatiy supervisor Albert Dominguez. have 
participated. 


The plasier preservation wotk has led ito other 
valluaile assistance to thor Linton. in 884. Angelvn 
Bass and Anne Ohiver. another UPenn graduate 
surveved all ithe plasier iragments and periormed 
emergency stabilization on some of the most theeat- 
ened pieces. in 1995, Anne Oliver and UPenn grad- 
uaies Bob Hartdler. Linnaea (Dix. and lames Banta 
convened at hort Union io prepate a preservation 
Plan which includes an architectural survey, a wall 
montiorny svsiem, 2 test wall pragram ior testing 
various preservation treatments, anda way tor 
mainienance to prioritize wotk based on the worst 
case areas. The ‘test wall program was implemenied 
mn 996. and based on the prcliminary results, a 
capping and shelier coat program were planned ior 
(997. Bob Hartaler now works as an archtiectural 
conservator ior ithe patk and field-managed our fis- 
cal vear 1997 adobe capping program and plaster 
conservation field school. 

The thot inion work has been the subject of 
a scholathy article and has served as one of the imi- 
tial starting pomis of cooperation with Penn. it 
has te-invigotaied our preservation crew. They tee! 
like their work is worth the effort. after having 
someone irom se iar away come and pay such close 
atiention to tt. Collateral (benefits like (this one 
shouldn't de minimiged. The pragram thas miro- 
duced hort Linton toa scientific method of preser- 
vation and as a result, lve seen my staff start 
working i a mew wa 

Without the assistance of the University of 
Pennsvivania and ithe NPS Cultural Resource 
Center, hort Union would still re searching itor 
basic answers (to (that age-old question of aw ito 
preserve something that is deteriorating faster than 
work can be accomplished on tt. UPenn has not 
given ws all ofthe answers we will meed put they 
have provided us with 2 tramework. \We have ithe 
plan and some methods: now we ite starting to do itt. 


Harry Wivers is Superitiendent of Fort Union National 
Vionument 
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Anne Olliiver 
A Preservation Action 
Plan for Fort Union 


‘tikort Union National Monument 
an Observation made in \1875 holds 
equally ‘true today: “The buildings 

are of atiobes and, bare from all 

plastering, sutier more or less iby cach train,..."* 

The Monuments administration has not accepted 

material loss and has chosen ito seek conservation 

measures to tetard deterioration of the tuins: and 
to help ithe administration and maimienance staff 
more efiectively manage ithe preservation of the 
adobe tums, 2 Preservation Plan was developed 
in 995. These efioris are part of an ongoing pro- 
gram of maintenance and stabilization managed 
by ithe Wionument and iby National /Patk Service 
support functions. The development project is dis- 
tinguished from ithe ‘Draft Preservation Plan’ 

(developed for ithe Monument in |988) by itis 

emphasis on active research and ithe implemenia- 

tion of the results: on interaction between al! 
groups inveived: and on the working nature of the 
document, which will be revised and appended as 
preservation strategies are refined im the future. 

The focus of the project was adobe, which was the 

least undersioed of the architectural clements 

remaining inthe cums of hort Linion: adequate 
preservation measures tor the (brick, stone, and 
wooden dlements of ithe tuins were set forth in ithe 
“Dratt Preservation Plan.” The development of ithe 
plan ‘took place in the fall of 995. While tthe 
methodology of the project may be applied to 
other sites or contexts. tt should tbe undersiood 
‘that the results of the project ate specific (to the 
Site. andl crroiirornenent of ort Union. 
the Pian 
flo gather ithe knowledge necessary (to develop 

a preservation pian. ithe proyect was divided mio 

tour parts: 

* ithe review of Historic and contemporary dacu- 
ments to outline a history of stabilization and 
Maintenance at the ste: 

© the physico-chemical characterization of tis- 
lotic adobe and of contemporary repair materi- 
als. 

* ithe design and insialiation of 2 simple mode! 
Monitoring system ito measure the tate of ero- 
sion of atiobe: and 

° ithe design and implementation of a genera! 
Survey of the muins to understand ow the 
athe walis weather 
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Stabilization and Mamtenance 
At hort Union, lass of adobe jis inevitable 
given ithe (appropriate) mandate ol the patk ito 
ichabiltiaie tather than reconstruct. The lass is.a 
result of two factors: gradual atitition, due to exo- 
Sion thy wind, tain, hail, and snow: and cata- 
strophic events. due ito wall collapse caused |by 
heavy tains, wind, or lightning sttike. Since ithe 
inception of kort Linion National Monument in 
1956, ithe maimienance staff thas wotked to reduce 
‘the tate of loss. Maintenance activities can (be 
divided iio tour major phases: 
© 956-1958: excavation and structural stabi- 
lization 

© (1959-1962: capping with soil-cement adabes, 
spraying with silicone water repellent 

* |1963-)980: applying soil.cement shelier coats, 
spraying with silicone water repellent 

© (98-1995: applying unamended soil shelter 
coats 

However, ithe review of past stabilization and 
maimienance efiorts reveals that ithe cuins are mow 
al a ctitical stage. Intermittent estimates of ithe 
amount 0 Historic fabric cemaming indicate a high 
tate of material loss desptie continuous presenva- 
tion efioris. The soil-cement wall caps damaged the 
adobe walls by causing coving, (but their protective 
benefits were long-lasting. A high percentage of 
Caps survive, but these are now cracking and (fail- 
inp. 

The use of soil-cement shelier coats was 
abandoned in favor of\less intrusive, more mateti- 
aliy compatible shelier coats of unamended soil. 
Presently, the maintenance staff plans io treat cach 
wall on about a five-vear cycle, out the unamended 
soil shelier coats ate ephemeral and must pe te- 
applied as often as twice a year iio ithe same walls. 
Hampered (by ithe limitations of manpower and 
matetials, the staff was mevitatly falling behind. 

+hstore Adobes ond Comemporary Materrats 

The historic adobes and contemporary una- 
mended repair materials were analyzed at the 
Architectural Conservation (Laboratory of the 
Liniversity of Pennsyivania ito gain a betier under- 
standing of ther physical and chemical properties. 
The granulomeities of the oviginal adobes and of 
the repair materials fell within the recommended 
tange tor adhe: the original adobes and ithe 
hewes! tepar matetials were the most similar 
During the implementation phase of tis project, 
these andivses were used! to guide the selection of 
compatible and efiective soils and amentiments as 
aliernatives (to the materials currently used tor 
maintenance. 

An Adobe Monnorme System 

A mode! montiorne system was designed and 
installed to measure the tate of lass from difierent 
lecations on atiobe walis. Wieasurements will pe 














| laken over a period 


Of wears. and more 
walis montiored t! 
the sysiem proves 
atlequaic. An analy 
Sis. Ol the tesulis 
will merease te 
otly of Knowledge 
aon ithe tate ol adobe 
weathering al criti- 
Gal lecations ma 
wall. (By winder- 
sianding where an 
adobe wall weathers and al what tate cuins can be 
managed more efiectively. 

The challenges of making accurate measute- 
menis of an adobe cuin with simple tools on the 
northem New Wiexico plain are many They include 
the matetials themseives: weathered, distoried, and 
leaning carthen walls: and reasonably siraignt but 
imperiectiy aligned (or partially missing) stone 
masonry foundation walls. The climaie—occasional 
high winds, thunderstorms. and blowing soil—also 
conitibuies io the difficulties of measuting accu- 
taiely, 

initially, a prototype monitoring system was 
iesied (that was completely external to the adobe 
wall, tequiting no installation of monitoring pins oF 
other devices inthe wall. it involved a scafiold and 
Plumb lines for finding and measuring points on 
the wall according io a predetermined grid. This 
system was abandoned pecause tt was found that 
the measuremenis were not reproducible trom one 
day tothe next. 

ror these reasons a system of fixed montior- 
ing Pins Placed within the walls was selected 
because Iwas independent of external alignment 
and measuting equipment. This system was not 
without flaws. invatiably sone adove was lost dur- 
ing ithe installation of the pins, and the pins cannot 
be removed without tisk of damage. But once 
installed they were not casily noticed against te 
highly textured adobes. iron nails were selected tor 
use as montioting pins, they will weather slowly 
fand in adope penigniy) inthe New Mexico cli- 
Maile, Decoming Increasingly carth-colored!. yet pro- 
viding measuting points for years to come. 

Several factors were considered in selecting 
areas tor monitoring: these included the onenta- 
tion, exposure and configuration of te wall as 
well as the presence of architectural features. such 
as openings Poth with and without lintels 
Montioting pins were placed on a grit acrass the 
laces ents, and tops of the walis. Wore pins were 
Placet! in ateas known to weather more tapidiy. in 
particular just above the foundation where pasa! 
erosion occurs, and pelow caps where coving 
occurs. The maintenance siai! is measuting erosion 


La 


Hom the feads of te pins on a quatieny pase 
and tis data will be analyzed as apart ol tie 
HMPleMeEnialion Phase Ol He pProjer! 

Genera! Survey of Adobe Rums 

The adobe struciures 0! bor Linon encapsu 
late more than LOO years of cumulative weathenng 
‘\ major god! of the Developmen! Proyer! was iW 
identity any weatherny patiems or trends m order 
ioundersiand and quantity where fiaw anc oh 
the adobe situctutes weather. To what © ‘HHS via 
the survival of a walla function of ote icon 
Struction details. of orentation and eayeoue 
supsequent configuration or stabilization aw 
Mamienance mierventions’ And whal tole did cor 
iny OF basal eresion oF even subsequent mienven 
tions play m the deterioration of a wall? B 
answering these questions, cause and ¢fiec! tela- 
tionships could pe dentified. thei telative impact 
onthe adobe walls predicied and preservation 
itierventions prioritized. Also. paris of a wall par 
ticulatiy vulnerable to deterioration could pe iden 
tified, as could paris of a wall critical to tis 
survival. This knowledge would aliow tor the 
development of more efiective preservation mies 
ventions, mn poth materials and cost, and forthe 
prioritized application of treatments. where the 
mos! vulnerable or critical areas would be given 
loremest atiention. For these reasons a general sur- 
vey of the adobe cuins of thort Linion was designed 
and implemenied 

The survey was designed with certain precon- 
ceptions about where. ow. and why adobe walls 
dieierioraic, which were detived from past dbserva- 
tions and experiences with adobe structures. bor 
example, oreniation and exposure io weather have 
diways been assumed to aliect the tate of detetio- 
tation, and a harder repar cap. while proiecting 
the wall. has diways been assumed io lead to the 
eresion of the adobe immediately peneath tt. lead- 
inp to coving. The survey was designed to quantify 
the impact of these suspected factors. bul diso to 
record a Proatier range of information so that 
unanticipated causes and dfiecis would pe 
revediet. 

The atiobve Dulidings at Fort Linon have dete- 
tioraied! iniv an agglomeration of discrete wall frag 
menis. After the destruction of unifying tools 
floors. and wall miersections in a Dullding. cach 
wall iragmen! acts independentiy of the others and 
may weather difierentiy. Thus the survey was con- 
flucied on a fragment-by-fragment level a two-page 
survey was completed ior cach fragment greater 
than 3-1/2 tgh: @ iota! of 207 wall fragments were 
surveyed, 

inthe survey, the coment of tre wall frag- 
ment was first established: ts onentiation and 
exposure. detalis of original construction. ant! the 
origina! use Of tre Duliding of which the wall trag- 
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ment was a part. To give a rough sketch of the frag- 
ment as it currently stood, basic measurements of 
wall thickness, width, and height were marked on 
a plan of the wall; for clarity, rough sketches of ele- 
vations were often included, with measurements 
marked. Then the wall fragment was described. 
including the shape of the fragment, the number 
and kind of remaining wall intersections, and the 
number of original door and window openings still 
remaining. Lastly, the wall fragment's condition 
was recorded: any leaning and/or bracing, the pres- 
ence and extent of basal erosion and coving, and 
the presence and extent of repair materials. 
Appended to the survey were copies of past docu- 
mentation, historic and recent, relating to the con- 
struction, stabilization, and maintenance of that 
wall fragment. 
In the General Survey, those wall fragments, 
or specific areas within a wall fragment, particu- 
larly vulnerable to deterioration were identified, as 
were those parts of a wall fragment critical to its 
survival. In order of importance, the survival of an 
adobe wall at Fort Union is a factor of: 
¢ original wall thickness 
¢ orientation and exposure 
¢ wall configuration, bond, and supports, 
namely T- and L-shaped intersections, fire- 
place/chimney units, window and door lintels, 
and bracing 

* capping treatments 

¢ shelter coat treatments 

And while each wall is different, its type and 
rate of weathering dictated by its particular micro- 
climate, general conclusions can be drawn about 
which conditions most threaten a wall. In order of 
importance, they are shouldering (the erosion of 
vertical surfaces, such as door or window jambs, to 
sloping profiles), basal erosion, leaning, and cov- 
ing. Also, on an uncapped wall or on a wall with a 
cracked or missing cap, water may penetrate to the 
interior and cause unforeseeable catastrophic fail- 
ures and wall collapses. 

Priorities for Stabilization and Maintenance 

The results of the General Survey indicated 
that maintenance of the adobe ruins should 
involve the prioritization of work not just to repair 
damage, as is done now, but to prevent damage by 
maintaining elements which increase a wall’s sta- 
bility or shelter it from the weather, such as wall 
intersections and lintels, fireplaces and chimneys, 
and capping. Based upon this idea and upon an 
understanding of how an adobe building weathers, 
priorities for routine adobe stabilization and main- 
tenance were established as a part of the develop- 
ment project. 

Implementation of the Preservation Plan 

The implementation of the recommendations 
began immediately after the completion of the 
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Preservation Plan. The maintenance staff worked 
in conjunction with National Park Service support 
functions to brace walls identified in the structural 
engineer's report, and the author worked with the 
maintenance staff to reorganize maintenance prior- 
ities and implement new standardized documenta- 
tion procedures. 

During the summer of 1996, a pilot imple- 
mentation project was conducted at Fort Union to 
carry out the second and third recommendations of 
the Preservation Plan. In the spring, a range of 
lime-modified adobe caps had been tested at the 
Architectural Conservation Laboratory of the 
University of Pennsylvania by graduate students 
Mark Goodman and Elisa Del Bono. Based upon 
their recommendations, the most promising of 
these modified caps were manufactured, and 
installed on both test walls and historic walls at 
Fort Union, along with unmodified, cement-modi- 
fied, hydraulic lime-modified, and acrylic-modified 
adobes. Potential shelter coats were also selected, 
manufactured and applied to adobe test walls. 

In the spring of 1997, Bob Hartzler and Jake 
Barrow returned to Fort Union to analyze the 
results of the adobe monitoring system as well as 
the performance of the adobe test walls and the 
pilot caps and shelter coats. Based upon the analy‘ 
ses, recommendations for the material composi- 
tions and application procedures for new caps and 
shelter coats were made. Funding for a major cap- 
ping project was secured by the Monument, and 
the work commenced at the beginning of the 1997 
summer. 

Project Team. Field supervisor, Anne Oliver; 
and participants, Robert Hartzler, James Banta, 
and Linnaea Dix. 





Note 

* John Wesley Pullman in a letter to the 
Quartermaster General, USA, 30 June 1873, located 
in “Correspondence 1861-1891,” Fort Union 
National Monument archives, Watrous, New 
Mexico. 





Anne Oliver is an architectural conservator in private 
practice; she received an MS in Historic Preservation 
from the University of Pennsylvania in 1994. 











Jerry R. Yarbrough 


The University of Pennsyivania 
Comes to Fort Davis, Texas 





Fort Davis National 
Historic Site; | 886 
view of the military 
post with two-story 
officers’ quarters in 
foreground, officers’ 
row on right, and 
enlisted men’s bar- 
racks on left. 
Courtesy NPS. 


n 1992, Fort Davis National Historic 

Site joined the cooperative agreement 

with UPenn to develop processes for 

stabilization of historic paints and lime 
plasters on adobe walls. 


Fort Davis has a wealth of original 19th-cen- 


tury painted surfaces, now over 100 years old. 
Preserving them has become one of our highest 
priorities. The Southwest Cultural Resources 
Center aided us in developing and administrating 
this agreement. The agreement provided for the 
establishment of a conservation field school pro- 
gram specifically designed for Fort Davis. The 
intent of the effort was to spend time and energy 
preserving the authentic historic fabric rather than 
doing reconstruction or restoration projects. 

The program continued for three years until 
1994. During the last year of the field school the 
students camped on site in the renovated rustic 
non-historic barracks in the canyon behind the 
fort. The field school helped generate interest in 
repairing this facility and the park has since used 
it extensively. 

The students working as volunteers stabi- 
lized interior paints and lime plasters as well as 





some exterior exposed plasters on ruins. After the 
program officially ended, the park arranged for 
additional field work to continue the effort “in 
house.” In 1996 a team was organized including 
two UPenn graduates, one student, and two park 
employees. This constituted an intensive “hands 
on” training exercise for the park and now we 
have internalized the plaster stabilization process. 
We continued the activity and training in 1997. 

Before the UPenn program was developed, 
the park used a generic program for plaster stabi- 
lization developed in the 1960s and 1970s. During 
this time most of the plaster repair work was not 
performed by park staff. The experience has 
helped our staff understand, accomplish, adminis- 
ter, and record the processes used by UPenn stu- 
dents. From a park perspective, this program is a 
great beginning, and has contributed significantly 
to the preservation of valuable park resources. 





Jerry R. Yarbrough is Superintendent of Fort Davis 
National Historic Site. 
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Bob Hartzler 


Saving Authentic Surfaces 
Plaster and Paint Stabilization at Fort Davis 








Repairing plasters 
on adobe walls of 
the Fort Davis 
chapel. Photo by the 
author. 


ort Davis was abandoned by the 
U.S. Army in 1891 but never truly 
abandoned by the residents of West 
Texas; many of the buildings contin- 
ued to be used by local ranchers, settlers, and 


entrepreneurs into the middle of the 20th century. 


These remnants of the second Fort Davis, begun 
in 1867, make up one of the most complete 1 9th- 
century forts in the American Southwest. When 
the Fort was acquired by the National Park 
Service in 1962, the NPS began to stabilize and 
repair the buildings of the fort which were still 
largely intact. 

Most of the historic structures at Fort Davis 
can be divided into three general categories: 
walled structures (stone and adobe) with recon- 
structed roofs, partially walled structures (adobe) 


without roofs, and masonry foundations. The pres- 


ence of roofs on some of the buildings is signifi- 
cant, for the roofs offer structural stability as well 
as protection from the 
weather. Adobe walls as well 
as internal plasters and paints 
in covered structures are bet- 
ter preserved than those 
exposed to the precipitation, 
wind, and sun. 

Interior wall plasters 
and their decorative painted 
finishes survive to a great 
degree at Fort Davis despite 
their vulnerability to weather. 
Wooden elements in the form 
of interior millwork (e.g., 
enframements, moldings, etc.) 
and some structural framing 
(floor joists for example) sur- 
vive in conjunction with the 
masonry. Paints and decorative schemes typical of 
the late-19th century are evident in nearly all of 
the buildings, but especially in the houses on 
Officers’ Row. The high quality and excellent sur- 
vival of these finishes argue strongly for their con- 
servation. 

Field Schools 

The first field school participants at Fort 
Davis in 1992 focused primarily on Historic 
Building 12 (HB-12), a typical adobe structure in 
Officers’ Row protected by the earlier installation 
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of a wood frame and shingle roof. HB-12 was 


selected because its representative painted plaster 
and woodwork retained a high degree of integrity, 
and because of recent plaster losses. Two rooms 
with relatively plain non-decorative painted fin- 
ishes were selected for this first phase of treat- 
ment; rooms with more complex painted finishes 
were reserved for the following years. 

The field schools continued in 1993 and 
1994. The emphasis in 1993 again was the conser- 
vation of the painted finishes in HB-12, and plas- 
ter stabilization on the adobe ruin of the Hospital 
Steward's Quarters. In 1994, work continued on 
the painted finishes of HB-12, and plaster stabi- 
lization and repair at the Post Chapel, a stabilized 
adobe ruin. The Chapel has only one major 
remaining historic wall, spanning the width of the 
building, but nearly all of that wall, from the miss- 
ing floor to the missing roof, is covered with origi- 
nal lime plaster. 





No field school was held in 1995 at Fort 
Davis, but in 1996 a small team composed of field 
school graduates and a graduate student returned 
to Fort Davis, and working with the Fort's 
Maintenance Foreman and a Maintenance 
Technician, completed the plaster stabilization 
work at the Post Chapel. This was a significant 
development, because it represented another step 
in the transfer of skills and knowledge from an 
external resource to an internal, National Park 
Service team. Now, the maintenance staff at Fort 
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Davis has the necessary skills to perform emer- 
gency plaster stabilization and is better able to 
assess the condition of the remaining historic plas- 
ters. 

Treatments 

Treatments at Fort 
Davis included paint consoli- 
dation on plaster and wood 
surfaces, reattachment of 
detaching plaster fragments, 
and cleaning and replacement 
of previous repairs. 

Prior to treatment, the 
condition of each wall or frag- 
ment was recorded graphi- 
cally on a Mylar overlay on a 
photographic image and 
through a written conditions 
report on prepared survey 
forms. Documentation of pre- 
vious treatments and repairs 
was assembled using park 
records. Photographs were 
taken before and after treat- 
ment, and a written treatment report was prepared 
for each wall or fragment. 

Conservation of Surface Finishes 

The interior distemper paints proved to be 
sensitive to water and mechanical abrasion. Since 
the removal of soiling and the implementation of 
the plaster stabilization treatments all resulted in 
both slight abrasion and wetting of the finished 
surfaces, it was necessary to first consolidate them 
before the underlying plaster fragment could be 
treated. The surfaces were carefully cleaned, and 
then an acrylic consolidant dissolved in solvent 
was brushed on through a layer of a wet-strength 
tissue. After drying, a second and third application 
was applied in the same manner. This treatment 
re-adhered the powdering paint without causing 
any change in surface texture or optical quality 
and allowed grouting to proceed without danger of 
Staining or disrupting the finishes. 

Conservation of Plastered Surfaces 

Detaching historic interior lime plaster was 
re-adhered to the adobe substrate with hydraulic 
lime-based grout. First, the areas of detachment 
were mapped. Then, the grout was injected into 
voids between the plaster and the adobe through 
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cracks or existing holes where possible. or through 
small holes drilled into the plaster to provide 
access. 
Previously applied cementitious edging was 
removed from the plaster fragments, except in 





cases where removal would seriously compromise 
the historic plaster. It was replaced with more 
sympathetic material made of hydrated hydraulic 
lime and sand. Deep losses within the plaster 
body were filled with edging material and recessed 
approximately 1/8" below the fragment surface. 
Shallow fills and open cracks were filled with a 
mixture of one part hydrated hydraulic lime and 
three parts fine silica sand. 

Conclusion 

Much work remains at Fort Davis, but 
through a combination of field schools and NPS 
expertise, plaster and paint stabilization will con- 
tinue. The proven techniques described above will 
continue to be modified and improved, through 
programs of careful research, field trials, and 
ongoing site assessment. This approach of collabo- 
rative research, treatment, analysis, and documen- 
tation can be a model for other important cultural 


Bob Hartzier is an architectural conservator at Fort 
Union National Monument, and has an MS in 
Historic Preservation from the University of 
Pennsylvania. 
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Rosalind Z. Rock 


A Tale of Two 
Conservation Projects 
at Mission San Jose, 
San Antonio 





rom the outset. San Antonio 

Missions National Historical Park 

has been a model to others of the 

viability of partnerships of various 
entities. both in and out of the National Park 
Service. Its very existence is due to partnerships. 
By means of a series of cooperative agreements 
with the Archdiocese of San Antonio, the San 
Antonio Conservation Society, the San Antonio 
River Authority, the City of San Antonio, Bexar 
County, and the State of Texas. to name a few, 
this single largest National Historical Park 
devoted to Spanish Colonial missions was able to 
become a reality. ! 

As a precursor to the conservation projects at 
Mission San Jose described in this issue, a cooper- 
ative effort involving the park. the Cultural 
Resource Center. the United States National 
Committee of the International Council of 
Monuments and Sites (US/ICOMOS). and the 
International Center for the Study of the 
Preservation and Restoration of Cultural Property 
(ICCROM) focused their work on the conventos at 
missions Concepcion and San Jose. The project 
was funded by the park's friends group, Los 
Compadres de San Antonio Missions National 
Historical Park.2 The main focus of the project 
was the wall and ceiling decoration in the library 
of the convento at Concepcion, often referred to as 
“The Eye of God Room” because of the then par- 
tially visible face located in the center of the barrel 
vault. This room comprises the most complete 
interior space containing Spanish Colonial era 
wall decoration in the park. 

The field conservation began on July 18 and 
ended August 18, 1988. The first two weeks were 
spent primarily working in the library at 
Concepcion. with this work continuing as effor 
also began at the convento of San Jose. The 
results, especially at Concepcion, were astounc 
No longer does only an eye appear as the predom- 
inant element in the remnant of the ceiling image. 
The bearded face of a mestizo surrounded by the 
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rays of the sun appears jewel-like amidst frag- 
ments of striping which origina'ly led from it 
across the length of the barrel vault in both direc- 
tions. After vears of deterioration, the flowers and 
other shapes remaining from what must have been 
a rich array of decoration also blossomed forth on 
the walls. 

The more recent conservation involved a 
deteriorated limestone column which had been 
part of a 19th-century renovation of the convento 
at Mission San Jose by Benedictines from Latrobe. 
Pennsvivania, who wished to establish a school 
for boys at the site. Funded by Los Compadres. the 
column conservation was carried out through the 
cooperative agreement of the University of 
Pennsvivania and NPS and was funded by both 
the park's friends group and a grant from the 
Marcia and Otto Koehler Foundation.° 

UPenn and the Cultural Resource Center 
carried out joint research, training, and treatment 
for the conservation of this weathered sandy lime- 
Stone column at the convento (see Oliver. page 
21). It began in January and ended in May of 
1993.4 Training components consisted of on-site 
participation by team members and presentations 
at the midpoint and conclusion of the project to 

irk Service personnel, Los Compadres. the 
ehler Foundation, the local chapter of the 
verican Institute of Architects, and other inter- 
sted parties. 

The convento to which the Benedictines 
applied their renovation was constructed in the 
1770s. By the 1820s the mission appeared largely 
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Mission San jose 
Photo Dy joxe 
Borrow 





ahandoned and bw the 1850s was a ruin subject 
10 the attentions of early photographers. The reno- 
vation efforts following shortly thereafter. espe- 
cially in the convento, retained the northern and 
southernmost walls of the two-story structure 


extending east from the church. The remaining 
internal partition walls were demolished and 
replaced. Many of the new elements were rubble 
laid in lime mortar, with the exception of the brick 
voussoirs Of the lancet arch openings and the 
carved. octagonal, limestone drums of the column 
on the second story of the east-west intenor wall 
which was the focus of this 1993 conservation 
project. 

In the 1920s. with the beginning of a con- 
certed effort at conservation and rehabilitation of 
ihe entire mission site, the first of several attempts 
at patching the column was carnied out. Patching 
of the column was done again in the 1960s. The 
latter was of lime and sand. and overlay the ear- 
lier gypsum patches and the original gypsum bed- 
ding mortar.© Beginning in 1987, the Park began 
monitoring the rapid deterioration of the column. 
This led to the project to conserve it which began 
in March 1993.’ 

In 1994 a Paint and Plaster Conservation 
Project was undertaken cooperatively by the 
Cultural Resource Center and UPenn. This project 
entailed the documentation. cleaning, and stabi- 
lization of fragments of historic lime plaster in the 
convento of Mission San Jose. This was part of a 
larger effort coordinated with the Park to conserve 
and stabilize the ruins of the convento. The con- 
servation plaster team was under the field super- 
vision of Angelyn Bass. The other. related 
conservation work was carried out jointly by per- 
sonnel from the Park and the CRC.° (see 
Bass/Barrow, page 24). 

The paint and plaster portion of the project 
was part of a comprehensive multi-vear effort at 
Mission San Jose initiated by the Park and CRC 
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Conscrn ation approaches 
began in 1973 whem Dawid 
Rattle, NPS histoncal architect 
and Goong Tonraca tinom 
ICCROM visited San jose and 
the other missions monn 
included in the Park. They 
served as consulllants on 
preservation strategies, and as 
advisors for onsile Comserya- 
hon of significant architectural 
jeatures. As a comsequence of 
Torraca’s recommendations 
and other input from NPS pro- 
fessionals, the NPS began a 
preservation program to insti- 
tule routine preservation moni- 
loring and maintenance. intensive histor research, 
and building materials analysis, and to carry out 
special projects at each of the Park's fowr mission 
sites including those described in this issue. 

The plaster remnants in the comvento date 
from the 1770s. They are all that remain of what 
once may have been a fully plastered and deco- 
rated interior. Before conservation, the painted 
plaster fragments were covered with biological 
growth and hardly visible from the ground floor. 
Thev were also extremely fragile. Painted finishes 
were faded and powdering, whitewash lavers were 
delaminating. and entire portions of fragments were 
detaching from the wall] surface.” 

In January 1994. Jake Barrow and Angelyn 
Bass of NPS: Frank Matero of UPenn: and 
Constance Silver. a private murals conservator and 
consultant. began researching methods of cleaning 
and stabilizing the historic convento plasters. 
Sampling and laboratory investigation of those 
plasters began in January 1994. Compliance with 
Section 106 of the National Histonic Preservation 
Act was approved on March 18. and field treat- 
ments were carried out March 22-May 10 and 
November 29-30, 1994.!0 

This extensive work resulted in the identifica- 
tion of 27 historic lime plaster fragments in the sac- 
risty and convento area. 17 of which were fully 
documented and treated. The fragments that 
received treatments are located on the interior 
north wall of the convento. Like the other projects 
presented here. the Park's friends group. Los 
Compadres. provided the funding.'! These conser- 
vation projects helped save elements of the historic 
mission sites within the Park which would other- 
wise have deteriorated to the point of loss. None of 
these would have been able to be carried out. espe- 
cially in this time of night budgets and downsizing. 
without the generosity, and the cooperative ven- 
tures of UPenn and the Cultural Resource divisions 
within the NPS. Amidst such partnerships, San 
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, 1» Miiesions National Utasesical Pask contin- 
wes to thrive. 
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Stability and I 
The Convento Stone 
at Mission San jose 


ission San Jose y San Miguel 

de Aguayo is one of four 

tered by San Antonio 
Missions National Historical Park, Texas. The 
mission was founded in 1721 by Franciscan 
brothers from Zacatecas, in New Spain (now 
Mexico). A series of buildings was erected to 
house the activities of the mission through the 
years, and in the 1770s an extensive rebuilding 
program was undertaken, resulting in many of 
the elements of the church and convento com- 
plex standing today. The rubblestone walls of the 
new buildings were constructed mainly of local 
tufa and limestone laid in a lime mortar; carved 
elements, including the facade and the sacristy 
window, were sculpted of a softer and more com- 
pact white chalk limestone. 

By the 1820s, the mission was nearly aban- 
doned, and by the 1850s was considered a pic- 
turesque ruin by tourists and photographers. But 
in 1861, the church and convento were reinhab- 
ited by brothers of the Benedictine order, and a 
second major rebuilding program was begun. in 
the convento, the exterior walls of the two-story 













Column before 
restoration, | 992 
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Structure were retained, but the internal partition 
walls were demolished and replaced. All of the 
new masonry was laid in lime mortar. with the 
exception of the drums of an octagonal column, 
which were laid in gypsum mortar. These reduilt 
elements of the comvento were meami to serve as 
second story of a stair hall; however, im 1868 the 
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Appiymg consol+ 
dom to column 

surface. +#S203A4- 
Nortn wall, | 993. 








Bhenedichines were ioarcad to abandon the sie. and 
the comvento was mewer noted. 

Following the efiorts of the Benedictines, ithe 
mission complex was again abandoned wmtil the 
19205, when renewed imierest in all of the San 
Amtiomo missions resulted in extensive archeology, 
reconstruction, and maintenance of the structures. 
The conwenio of Mission San jose was stabilized, 
and the column hears the evidence of two repair 
campaigns. The first ts revealed in a photograph 
from around 1927 im which large white patches 
are visible; these maich the locations of the jpre- 
sent-day gypsum patches. The second set of 
repairs was applied at an wndetermined later 
date, and appear in phoingraphs dating trom the 
1960s: these are of lime and sand, and overlay 
the earher g psum paiches and original gypsum 
bedding mortar 

Gypsum is a soluble salt: im the presence of 
water it will move iio solution and permeate the 
nares of the stone. As the water evaporates, the 
gypsum reorystallizes and exerts pressure on the 
will eventually destroy the stone. On the column, 
the most severe levels of deterioration were imme- 
diatehy beneath and adjacent to the gypsum hed- 
ding mortar and paiches: stone in these areas was 
very triable to the touch and exhibited the exten- 
sive microcracking and flaking typical of salt-cont- 
aminated sione. In contrast. areas of the column 
were very sound where bith or no pypsum had 
been used. 

Simce 1987, the National Park Service had 
monitored the deterioration of the column am the 
comvento. its moreasinghy critical condition 
spurred the develapment of a joimt research, train- 
ing. and treatment project by the Southwest 
Regional Office of the National Park Service and 
the Architectural Conservation Laboratory of the 
University of Pennsyivania im 1993. 

A biterature review revealed that mixtures of 
aorviics and alkyl alkoxvsilanes are trequenthy 
and successtully wsed for the conservation of tri- 
the consolidative and adhesive properties of 
properties of alky! alkoxvsilanes. Although not 
perfect, mixtures often satisfy more of the com- 
monhy recognized criteria for stone consolidants 

But levels of deterioration varied on the cal- 
umn. While the application of a mixture of aorvlic 
and silane would consolidate the severely deterio- 
rated areas, the aorvlic would also negatively alter 
the properties of relatively sound areas. Massive 
losses of stone in certain areas also dictated the 
use of infills to re-establish the structural and 
visual integrity of the columm: the water-repellent 
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Properies of the silane om the 
mixture would inhi the 
adhesion of these tills. 
However, the sequential appli- 
cation of the same materials 
woud allow dor flexihility im 
treating difierent levels of 


deterioration and ior the 
Right) Past-areat- adhesion of intills. 


column ‘by joke ness of this sequential methad 

Barrow. Phot dy of application was mat weill- 

Gagan Bas. studied: thus a pretreatment 
experimental propram was 
designed and conducted at the 
Architectural Conservation 
Laboratory io compare the dit- 
ferences in the effects of 
seguential applications and mixtures on the phys- —mtiegrity, the henetits of a sequential treatment 
ical and mechanical properties of the stone. inthe Program outweighed the disadvantages. Thus a 





test results, mixtures proved somewhat more REGUENTAl treatment program was implemented ito 
efiective than sequential applications hecause conserve the column. 

they exhibited a preater depth of penetration and Routine mainionance imspections oi ithe col- 
retention of aorviic and silane. However, there umn, made iin 1993 and 1996, reveal mo durther 
were no significant differences im water absorp- lows of maternal. no additional accumulation oi 
Ton, waller vapor transmission, color change. or salts, and continued good adhesion of fills. 
resistance to salt crystallization. Funding tor ithe project was provided iby the 


Because of the localized deterioration pat- iniends group, Los Compadres de San Antonio 
terns on the column, andi hecause of ithe meed to Missions National Historical Park, which secured 
apply fills to reestablish structural and visual a grant trom the Marcia and Otto Kahler 
Foundation. Traming components included on-site 
Participation by team memthers and presentations 
at the midpoint and conclusion of the project to 
members of ithe National Park Service, Los 
Compadres de San Antonio Missions National 
Historical Park, the Koehler Foundation, the lacal 
chapter of the American institute of Architects, 
and others. Team memibers have since applied the 
methodology and treatments to projects hath 
within and outside of the National Park Service 
system. 


Column after 
servation. 





Anne Oliver ts an architectural conservator im jpri- 
vate practice; she recewed an MS in Historic 
Preservation from the Liniversity of Pennsvivania in 
1994. 


Photos by jake Barrow. 
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Angelyn Bass and jake Barrow 


18th-Century Plasters 
Preserved 





Conservation in the 
Convento of Mission San jose 





Constance Sitver 
ond Fronk Matern 
devetapme proce- 
dures to trem Son 
ters. 








§ conaervators worked on scafiold- 

ing set thigh in the second flaor 

mins of the convento of Mission 

San jose. they would often pause 
trom their work to watch people below gather tor 
the daily church service. or listen toa Mariachi 
band play for a celebration, or even just look out 
over the Mission grounds to imagine what lite 
there must nave been like centuries ago. it was 
common to fed] awestruck by the Mission's beauty 
and ‘by the continuity of tradition that ‘has sur- 
vived there since ithe 8th century. 

The history of ithe Mission spans three cen- 
tries, with architectural tabric from every period 
in evidence. These significant vestiges af historic 
fabric are among the few remaining examples of 
original colonial mission architecture in the 
Southwest. Among the earliest artifacts at the 
Mission dating trom ithe Franciscan accupation im 
the mid- to late-L8th century are fragments of 
painted lime plaster im the convento. 

In January 1994, the NPS implemented ithe 
Plaster Conservation Project to clean and stabilize 
the plaster irapments on the north converto wall 
and to reduce ithe causes of their deterioration. Mhe 
Project took place in three phases: Phase 
involved assessment of 
tion mechanisms: Phase 
0) was conservation treat- 
ment; and Phase Il] was 
ireatment assessment and 
ition of 2 maintenance and 
monitoring pian. 

The conservation 
project was 2 collabora 
ition between NPS and 
WiPenn, private conserva- 
tors, and staff of San 
Aes 2 wesuilt, 17 pilaster 
fragments, some with 


ration, were dacumentiad and consenved in situ. kn 
addition ito plaster conservation and integral (to its 
SLICGESS were ashacied efiorts to cepa detenio- 
tated sione masonry, to redirect the wall capping ito 
Channel cain water mun-off away trom ithe plaster 
fragments, and ito madify damage systems ito divert 
water away trom (the base of ithe masonry walls. The 
Project also involved traming NPS personnel and 
Private aector preservation proiessionals. 

The Convento Plasters 

Mission ‘San jose was founded iin ithe 7405 
by ithe Franciscan brothers of ithe College of 
Zacatecas, Mexico. The church and principal inuild- 
ings of San jose. including the converte, were con- 
structed of |lacal materials: sandstone. tuta, and 
limestone set in a lime mortar, and ithe walls were 
once tlaboratchy decorated with stone carving and 
painted plasters. Though ony faint traces of the 
painted designs are still visilile, abundant archival 
intormation exists attesting to ithe orginal coloriu! 
painted facade of ithe church and the interior of ithe 
convento.! The typical decorative motifs seen in the 
CONVENIO are geometric pattems (with incised 
Preparatory drawing) and some tree-+hand floral 

The convento iis 2 mined stricture, two sto- 
ries ‘high and divided into fourraom units con- 
nected by arched deonvays. it dees mot have a root: 
consequently, the masonry wails and plaster trap- 
ments are directly exposed to the open environ 


ment. 
The Conservation Project 
Condition assesemem 

Assessment of the plaster fragments (in 994 
Prior to treatment revealed them ito ihe in a gener- 
ally poor and fragile state. Most fragments were 
covered with jlichens, and marked iby nlack streaks 
that followed the path of water run-off. The plasters 
were barely wisitle trom ithe ground floor and ithe 
painted decorations were virtually indiscernible. in 
addition, large areas 01 plaster were detached trom 
the masonry support, lavers of limewash had 
dslaminated, and the painted finishes had disinte- 
prated and were powdery to ithe touch. 

Water was 2 principal agent of deterioration, 
having flowed over the walls and washing away 
sutiace particles. This resulted in undercutting plas- 
ter edges and eventual loss of some iragments. 
Water vapor trom ‘high relative humidity in conti 
nation with the wall's southern exposure con- 
tributed to the propagation of microflora, which by 
their physiolapy, chemically and mechanically dam- 
age ithe plaster suriace. Microscopic examination of 
plaster samples showed lichen hyphae had pene- 
trated to mm beneath the suriace. 

Materak anatyse 

The plasters in the convento at San jose are 

made of lime and 2 composite aggregate. at an 
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approximate itatio wf (13> Examination of ithe sam- 
ples winder the microscope sevedled a thee Laver 
plaster system, with a thick, single coat of plasier 
applied directly on ithe masonry. and at least two 
campaigns of painted desipns, separated by muilti- 
pie avers of limewash. 

The painting technique appears ito ihe treace 
Seco (painted on a dry ground) and ithe principal 
color preserved iis ned, with faint traces of wellow 
and blue. The ced pigment tested positive for icon 
in micrachemical spot tests, indicating ithe use ol 
iron oxide. instrumental analvsis of the pamt’s 
binding media proved negative or the presence oi 
Organic material, including casein, glue, oil, and 
gum.> 

Documentation 
Prior to intervention, cach plaster iragment 


was munthered and sketched onan dlevation draw- 


ing. Fidld motes were taken describing ithe itech 
niques of execution, state of conservation, and 
treatments. Beiore and after conservation work. 
S5mm photographs were taken. When available. 
historic photos were wsed to evaluate and measure 


extent of change. 
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Cleaning 

Parhal removal ol ithe bidlagical prowth was 
conducted io abate ithe destructive mechanism and 
ip make (the fragments wisible ‘irom ithe ground floor 
A combination of dry and wet methods were ifiest 
tested on plaster tacsimiles and then on small 
unpainied plaster iragments un sty neice hemp 
applied ito ithe larger tragments. Prior ito cleaning, 
the paimiad finiines were pre-conselidated with an 
acrylic resin solution which fixed ithe amt without 
bonding the bivlagical organisms and ditt. 

The diry cleaning methed involved genthy mtb 
bing ithe enomsted sutiace with small natural dorisitle 
stencil prushes. On unpainted surtiaces, din clean- 
ing was ‘tollowed iby wet cleaning with a weak 
hleaching agent to discolor ithe subsuriace hnyphae. 
Painted arers were mot wet cleaned. Afterward, ithe 
treated area were timsed with water and datiped 
diry with cotton. 

Removal of previous repairs ant stabilization 

Most uf the plaster iragments had heen prev 
oushy stabilized with lime and cement based mox- 
tures. (in order to access and (fill woids inehind ithe 
sutiace and to replace imappropriate fills, the pprevi- 
OUS repaits were removed iby hand with a marrow- 
tipped chisel. When plaster edges were fragile or 
diclaminating, they were temporarily stabilized with 
facings adhered with a dilute water soluble adine- 
Sive. 

Following removal of repairs, voids were 
prouted with a vdrauilic lime mixture injected 
through a syringe. A hhvdirauilic lime grout was cho- 
sen because of its physico-chemical and mechanical 
compatibility with ithe historic fabric and because 0! 
reported favorable results when used to re-adhere 
plaster in similar exposed conditions.” After grout- 
ing. when i! \was apparent (that ithe fragile areas 
were stable. ithe temporary facings were removed 
with water. 

Re-atihesion of deiammating limewash 

Re-adlhesion of lacalized areas of diclamimated 
limewash (without paint) was conducted py imjpect- 
ing a dilute acrylic emulsion hetween the separated 
lavers. The treated area was lightly compressed iby 
hand with a laver of |lapanese tissue and dnilk cot- 
‘ton and held in place wntil ithe area was stable. The 
localized pressure served to compact the strata and 
restore cohesive strength. 

Edging ant filling 

Following cleaning and stabilization. losses. 
cracks, and exposed ediges were filled with 2 
hudiraulic lime mortar ito ;protect them trom water 
ingress. Surtiace losses within fragments were filled 
with ithe fine-grained mix. The fills were recessed 
Slightiy lower ‘than ithe original surtiace. rendering 
them distinguishable. Edges were scuipted at a 
Slight angle with a coarse graimed mix to positively 
Shed water away from the plaster sutiace 
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graphic dacumeniation of the conservation (treat 
mens. mcluding tesults ol presteeatment investiga- 
lions and esting: maps and drawings of ithe 
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convenio and ithe plaster fragments: and tecom- 
mendations tor tittute conservation treatments. 

in ithe spring of 996, two wears atier ithe con- 
servation work. an evaluation of ithe plasiess 
revedied that they were in stale condition: ithe 
iragments were well adhered: ithe edging and intil! 
tepaits were intact: and there was [little to no evi- 
dence of new Diwlogical growth. 

Also during (that (time, a mamienance and 
moniioting pian tor ithe plasters was fidld tested 
and presented ito ithe Patk (tor inclusion mn (their 
maintienance program. Uttimately, ithe sucaess oF 
the conservation depends on continued manage- 
ment and control of the detetiorating factors. 


Victor iitatin (CNORM) joined the team from Cutha. 
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> Ratio of lime to aggregate was determined iby acid 
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fraser on /99« ther molecules are small enough to penetrate the onl Aadhitentuedl Matatidis Jin Math 1990. Tie 
a Plaster substrate, react. and leave 2 depostt of ive eeauilts dio nat mecessatlly ve that ic 
a amorphous silica within the plaster pores This ~ | —<- 
were mot used. it is possible that the binder 
930s fet siliceous Gepesition gives the plaster a non-polar has since diegratiet| or was undetectable using these 
Sketches Drown iy  asprect. which causes water (to repel rather than andiviical techniques 
— ee SEO _ Water. Frank. and Bass. Angeivn. “Orphans of the 
- At the conclusion of the work 2 report was ieanradnGieeaiiines 
sutpmitied to the Patk providing textual and pirate- oes | | aoe 
Dry ceeonung iechrer > Wether, itietimutt. andl Zinsmeister, (Mlaus. The 
OM (pacers! pes Conservation of Natura! Stone: Guitielines to 
-_ Consolidation. Restoration and Preservation 
(Enntingen: ‘Sapert-Vetlag. 199.) 
Angeivn Bass isan archtiecturdl conservator. lake 
Harrow is guest co-editior of this issue. 
Adenonlietigment. Thats 10 SAAN 
Supenntenten Steve Whitead!! and for. 
Shupemeendent Bob Amida, Catherine Myer, jake 
on ivey, Matk Chavez. and janes Oliver. Special 
o- appreciation to Los Compatires for their support. 
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A Challenge Met at Ei Morro 


teortganization of the Nationa! 
Patk Service has opened eves, 
lumed heads. and brought sighs of 
relief and frowns of exasperation. 
Reorganization has prompted ius io look ack. lowk 
ionward. and iouk deep inside. Critical andiveis of 
OUT Institutions can otien Pe gul-wrenching. 
However. ffitaken with the pest inierest of tie 
Organization im mind. tt can ibe quite cewarding. 
One of tire many rewarding teatutes of teorganamy 
has Peen our tenewed efiort at establishing and 
nutiutiny parinersiips. Not that patinerstips ate 
new: tater, we are eginning to look at ithem in a 
new way. We are now looking al patinersitips trom 
the perspective that they provide information and 
TESOUICES tO AURMEN! CXisting Management twos. 

in (1993, (8) Whorro National Monument 
entered mio a cooperative agreement with Penn to 
develop treatment options tor deteriorating Historic 
insomptions. The focus of the research was mented 
WO give 2! Moro managers critical iniormation mec- 
essary itor ithe conservation and preservation of trap- 
ie. at HSK msctiptions. The goal of our preservation 
efiort is not to reverse deterioration or siop tt but to 
manage ttand siow tt down. This concept was 
mutually agreed upon through our consultation with 
the Zuni Tribe who are significant stakeholders im 
the site. 

lowe 2 dept of grattiude to my predecessors. 
Reed Detrmg. who te-emphasized the need io tocus 
On msctiption preservation and, later, Michelle 
Pelietier. who got the program up and cunning. 
Michelle secured tunding ito mitiate the project. and 
oversaw the first stage documentation and research 







Fn andi coordinated the Zuni consultations 
Monument. “PS The propiem of detetiorating inscriptions and 
Phraw how Pest to protect them is Not @ recent phenome- 
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hon. Preservation treatments ol one Kind or another 
have een atiempied at H! Wier since the md 
20s. So what are we domy thats diferent’ 
Parinermny! 

Atier ithe fest phase 0! documentation and 
pidlimimany condition survey was accomplished “mn 
house’ and py contract. we used the cooperative 
agreement with UPenn io primp iagether a nuntber 
of tdlenied imdividuals irom a variety of disciplines 
and agencies. The actiwities accomplished were out 
side our “normal” sphere of abilities. Archevingisis 
and conservators using fistorc and modern pio- 
iographs, dictermined crttical ateas needy teat 
ment. 

Lising information gathered py the specidiisis 
fesouices Management personne! were apie to con- 
Struct a cusioniged database which serves as Pase- 
ine ducumeniation and a guide ior montiotmy and 
tescatcn activities. Focusing on the parameters 
esiapiished iby the priority tatmy sysiem. msrp 
tions with the Highest potential tor detetioration 
and loss can pe readily dentified and targeted tor 
treatment (see (Padgett and Barthull. page 28). in 
order ior conservaiors tO Mmitiate treatment straic- 
gies. an understanding of the basic geological con- 
cepts and process thai tormed |E! Worn was 
needed. The Patk fired a geviagist io petionm tis 
task and im the process we learned a tremendous 
amount of new imformation about our resource We 
Statied tO mierprel the gevingy as well as the 
insctiptions (see Cross, page 30) 

in july of 996, with documentation com- 
pieie. a gediogic stutly undenway. lib research 
accomplished. and one pilot test season over. 2 
icam including the Liniverstty of Pennsvivania con- 
servaiors and NPS personne! te-atiached to the cliff 
face 2 tock Skid contaming Tistotic macnptions 
Also, separating and dissoiving stone was te- 
adhered and consdiidated. These uncelepraiet! 
events matked the culmination of vears of research 
hard wotk. and teamwotk 

is (this the Peginnime or the end? 4s natural 
Processes Continue io take ther toll on the Mstotic 
inscriptions of 8!) Morro. the need to understand 
and mitigate those processes will contmue Through 
the efiorts of some incredipiy dedicated! hart work 
mg individuals. 2 giant step tonward has Peen 
taken. Managements decision ito step toward is not 
diways an easy one. However, wel! estapisnet 
tested. and documented methods make tose deci 
Sions much caster. | Ofer my sincerest thanks to 
those who have made my journey just a itttle casier 
| look tonwart! to strengthenimy our parinersinps 
and new efiorts conttiputing to the preservation of! 
£) Morro 





hohn Lujan is the Supermientien! of £) Wiorro Nationd 
Vionumen! 











Antoinette Padgert and Kaisa Barthull 


Rock Art Documentation and 








Assessment 





| Wier Nationa! Wionumen! 
located near the Pucvio of Zuni 
New Wiexicn. 5 Pest known tor 
insenption Rock. This 200 sand 
Stone OUicrOp chronicles the passage vo! people 
inrough that part of the Southwest ior funticeds 
of years. A natural pool, nestied at the base of tire 
Teck. atiracied many of these wih passed Dy 

Near the pool, dlong the base of the tock. are 
peiragivpns of preiisiotic Pucdioan people and 
names and daies of Spanish explorers. Angio set- 
tiers and survey expeditions. diong with more 
recent “grafitti.” Many of the iisiotic names and! 
prcisiotic drawings on the rack ave Peen, and 
are Demy. dWitierated! duc to the deterioration wf 
the sandisione py foth natura! and human mduced! 
lactors 

A pliot project was underiaken Dy the 
National Patk Senice m 1992 i assess the causes 
0 dictetioration of the mscnptions and eck art at 
£) Wierro Nationa! Wionument and to make tecom- 
mendations tor ther preservation. (Patiget! 1992 
Patiget and Baril 996) First. 2 comprehensive 
Didliegrapny vf pas! ducumentiation was complict 
Next. piysicd! examination of the msonptions and 
Tock atl was condiucirs Ww determine ithe exten and 
primar causes of detetioration. Fifty pandis were 
slectet! i) serve as representative examples (2 
‘pane! riers to an area of tack sutiace comaming 
one OF # group of insenptions) For cach of the 50 
Panes Pack and whtte protegraphs were taken 





and eiarged mio.an exci iomat. The pno- 
iagrapins were then taken mio the fied and com 
Patisons were mate with existing fisiotic 
Photographs (when avaliaple) io assess current 
condition. iniormation trom tnese assessments 
was annotated onto Wiviar dneets ovetiaving the 
ek protographs. Coiored! pens and a adior key 
chart were used io denice difierent deietiorative 
laciors on the Vivlas-prioiograph assentiiage 

A condition assessment form was also com- 
pieied ior cach panel. \it was determmed that the 
primary naiutd! detetiorative faciors afiecting the 
inSctiptions and Teck att are clay deposits washing 
over the rock sutiace. mecci disiutbance. salt effio- 
rescence. spalling. mstablitty of the rock sutiace 
and dampness. Human factors mcluie sutiace 
abrasion. penciling of the mscnptions tor pnoio- 
graphic purposes. and msctiped graffiti. 

Baset! on these assesomenis. recommenda- 
tions were mate tor preservation of the msctip- 
tions and redk art at EL! More (Patigett 1992) 
Recommendations meiuded conducting compre- 
hensive proiciecumentation of dll mscnption and 
Teck att pandis conducting condition and signit:- 
CaTGE aSSESEMEMis 10 esiADlSN 2 protity cating 
System tor preservation treaimen of cach pane! 
tievelopmy 4 long-term montionny program 
Mvesiigaiing 2 program ior iesimy conswidanis 
and devising an emergency siadiization treatment 
program ior pandis assesset! as High priotity 
Baset! on recommendations mate dunny the plist 
project over 1) pandis were documented and 
assessed diuting the subsequent 1993 and 194 
fieit) seasons 

Methotiuingy appiet! duane the 99> and 
998 fetid seasons inciudet! assigning cach pane! 
4 section letter and nuntber fesignation. ¢.p. 
“A-!" mndlicates Section A, Pane! |. 2 sysiem con- 
sistem! with, and expanding upon. iormer nuntber- 
ing systems used at £) Wore 

Piwiegrapnic decumeniation was conducted 
DY replicating the camera positions uset im 2 past 
Proiegraphic survey (Powell ant Wicivel! 1955) 
1) enadie consisien compatisons petween proe- 
tograpns. New camera positions were o aplisnet 
for iInscnptions never peiore decumemiet!, Due to 
the large nuntber of inscriptions to be recortet! 
and the finite amoutt of time to compicic the pro- 
ject. 2 low ADA, figh resolution. Deck and wintie 
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35mm film format was chosen over a 4" x 5" for- 
mat. This compromise in film negative quality was 
balanced by the speed and agility of using a 35mm 
camera system. Color slides were also taken of 
each panel. A perspective control lens was used 
whenever possible to minimize distortion and 
enable more precise measurements to be taken 
directly from the photographs. A 5cm or 10cm 
scale was placed in each photo when logistically 
possible. A light reflector disk was used to aug- 
ment or redirect sunlight when necessary. In areas 
of perpetual shade, flood lamps were used. 
Whenever possible, inscriptions were pho- 
tographed with side-raking light, which was deter- 
mined to be optimal lighting for highlighting 
incised inscriptions. Overview photos of sections 
were also taken. A corresponding Mylar overlay for 
each overview section photo was developed to 
show the location of each panel within that sec- 
tion. This information should help future site 
researchers locate even the most ephemeral panel. 
All photographs taken were recorded in a photo- 
graphic log which contained the date, view, and 
subject for each exposure. An index which refer- 
ences each panel to its corresponding film roll and 
negative/slide number was also created. 

In addition to the photography, a condition 
assessment form was created to document the par- 
ticular problems observed at El Morro. The form 
includes locational information such as panel and 
section number, orientation, and azimuth. The 
form also lists a priority rating for each panel 
(described below); the main agent of deterioration 
or threat to the panel; the names of the photogra- 
phers and assessors; the date; and a description of 
known, past documentation. Inscription elements 
were sketched onto the form in the same configu- 
ration as they appear on the rock face. The dimen- 
sions of each element were also measured and 
recorded. All natural and human induced factors 
observed to be affecting the panel were then 
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described in detail on the form, and general com- 
ments were made. A separate map of all inscrip- 
tion locations was also produced. 

A priority rating system was developed to 
prioritize panels for monitoring and treatment. The 
system was devised to examine both the present 
condition and potential threats for each panel. The 
numeric point system follows: 


Condition. Physical condition of the inscrip- 
tion based on assessment 
3 Not stable, extreme deterioration 
2 Poor condition, major deterioration appar- 
ent, immediate action required 
Fair condition, minor deterioration apparent 
0 Good condition, intact 


Threats. Threatening or detectable negative 
effects on the inscription 
3 Severe: resource may be significantly dam- 
aged or lost if action is not taken within 2 
years 
2 Moderate: damage or loss may occur if 
action is not taken within 5 years 
Low: continuing effect of impact unknown 
0 None observed 


A panel with a high numeric designation 
(combined rating of 5 or 6, or a rating of 3 for 
either condition or threats) indicates the need for 
close monitoring. If current research provides a 
suitable treatment for the major problems at E] 
Morro, the rating system will be useful for deter- 
mining which panels require immediate attention. 

The inscription assessment project was suc- 
cessful in docury rting the majority of known 
inscriptions at El Morro. It was determined that 
the main agents 0: deterioration or threats affect- 
ing the condition of the panels are in order of 
greatest magnitude to least: clay wash, unstable 
rock surfaces, microflora, granular disintegration, 
spalling, abrasion, microflaking, microspalling of 
the substrate, microspalling of clay wash, 
microspalling of pigment, large cracks, partial 
detachment, insects, and mud deposits. 

A computer database was developed to man- 
age the resulting photographic and condition 
assessment data. Utilizing a photographic data 
management system produced by Kodak Corp., 
photographic and assessment data was input into 
the system and synthesized to enable easy 
retrieval of information on individual inscription 
and rock art panels. The system allows researchers 
and managers to query the database for informa- 
tion such as the number of panels assigned a par- 
ticular priority rating or the number of panels 
affected by a particular erosion factor. Future addi- 
tions to the database may include monitoring and 
preservation research data. A monitoring program 
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based on the priority rating system has been 
designed and awaits implementation, and treat- 
ment research is currently in progress. The base- 
line data collected during the assessment will 
assist managers, researchers, and visitors for 
decades to come, and will preserve the messages 
of Inscription Rock in a format that wind and 
water can never erase. 

Project Team. Field supervisors: Antoinette 
Padgett and Kaisa Barthuli, and participants Pati 
DeCesaro, Caludia Danninger, Kathy Davis, 
Jennifer Losee, Tom Poveymirov, Elisa De Bono. 
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Weathering of the El Morro Inscriptions 





| Morro is a large sandstone 

promontory that rises from a broad, 

linear valley on the southern mar- 

gin of New Mexico's Zuni 
Mountains. The valley is a centuries-old corridor 
for east-west travel, and the perennial pool of 
water at the base of El Morro is a customary stop 
along the way. Many travelers left their marks 
carved on the bluff, and the historical inscrip- 
tions, the oldest dating back to 1605, are the rea- 
son for El Morro’s national monument status. The 
inscriptions are weathering at different rates; 
while some of tiie older inscriptions are in pris- 
tine condition, more recent ones are succumbing 
to erosion. Deterioration of these engravings is 
largely controlled by the interplay of extant geo- 
logical conditions with fluctuating environmental 
conditions. 

The promontory at El Morro is a landform 
known as a cuesta, an inclined mesa formed by 
the erosion of tilted strata. One flank is bounded 
by cliffs, the opposite flank dips gently into the 
subsurface. The northeast point of this cuesta 
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forms the tallest cliff, and here is also the lowest 
exposed strata at the base of the outcrop. Along 
the northern and eastern walls, the strata dips 
gently into the subsurface. 

The El Morro cliffs are composed of the 
Jurassic Zuni Sandstone, which, like other sand- 
stones, is made of a framework of sand grains, the 
space between the grains, and any material that 
may occupy the space, such as fine-grained clay- 
sized particles or crystalline cement that precipi- 
tates from pore fluids. The main constituents of El 
Morro’s Zuni Sandstone are quartz, with a lesser 
component of feldspars. The grains are remarkably 
uniform in size and shape, and this provides high 
original porosity. The re-arrangement and defor- 
mation of grains appears to have been minimal, 
and the intergranular space is largely preserved. 
Today, most of the space is occupied by either 
cement or fine-grained matrix. 

Iron oxide cements occur in the upper layers 
of the Zuni, either disseminated in bands and nod- 
ules, as pore-filling cement along bounding sur- 
faces, or as surface encrustations known as case 
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hardening. (While quartz cements are also com- 
mon in sandstone, none were found in the Zuni.) 
Case hardening involves the formation of hard, 
limonitic crusts along well-established surfaces, 
and at El Morro it is closely associated with rock 
joints that apparently provided avenues for iron- 
rich waters. Chloritic cements occur in restricted 
stratigraphic horizons below the iron oxide. 
Throughout much of the Zuni, clay materials are 
the only form of cement present, hence the general 
friability of the rock. These clay cements occur as 
coating on framework grains, which are aggregated 
by the surface cohesion of the clay. The coatings 
are found beneath carbonate cement and iron 
oxide cement, indicating that coatings began form- 
ing early in the diagenetic history of the rock. The 
fine-grained particles in the matrix are mostly 
kaolinite clay, which is a by-product of the degra- 
dation of feldspars. Also present in the fine-grained 
fraction, in smaller quantities, are chlorite, illite, 
vermiculite, and mixed-layer illite-smectite. 
Dissolution features observed in the Zuni 
Sandstone include oversized pores resulting from 
grain and cement dissolution and “ghost grains,” 
which are coatings that precipitated on a grain and 
were left behind when the grain dissolved. 
Weathering is the process by which rocks are 
destroyed at or near the surface of the earth. A 
variety of weathering processes have been active in 
El Morro, and these processes threaten the site's 
inscriptions. Rock destruction is accomplished by 
chemical and mechanical weathering and by the 
activities of organisms. Chemical weathering 
processes involve equilibrium reactions between 
rocks and the atmosphere and hydrosphere. Such 
processes account for the oxidization of iron, the 
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degradation of silicate minerals, 
and the dissolution of cements. 
Mechanical weathering processes 
involve contraction and expansion 
associated with freeze/thaw or 
wet/dry cycles. Also, when water 
percolates through permeable 
sandstone, it becomes enriched in 
soluble salts that concentrate and 
crystallize during dry periods. 
Then, after wet weather, rehydra- 
tion of the salt causes volume 
expansion. Minerals that are 
brought to the rock surface accu- 
mulate and form a cap that is 
harder and less permeable than 
the underlying sandstone. Salts 
are repeatedly deposited behind 
this surface and can eventually 
cause spalling of the cap. 
Chemical weathering generally has 
a more significant impact on rock 
surfaces than does mechanical weathering. 
Microflora (lichen, mosses, and algae) can cause 
both physical and chemical damage to rock sur- 
faces as their roots penetrate rock surfaces and 
produce oxalic acid that can break down silicates. 
Microflora can also cause retention of moisture on 
the outcrop. In each weathering process, water is 
the major player, whether introduced into the rock 
as surface wetting, horizontal and vertical percola- 
tion, or rising damp. 

Material is removed from the outcrop in three 
principal ways: granular disintegration, wholesale 
wasting, and spalling. Granular disintegration 
takes place when material is separated as individ- 
ual grains or small clumps of grains, and it occurs 
with the loss of cementing agents within the sand- 
stone. Wholesale wasting occurs when coherent 
blocks or chunks become detached from the out- 
crop. This process may be caused by freeze/thaw 
processes and may be partially controlled by the 
unloading of inherited strain. Spalling occurs as 
material is shed as small, relatively thin flakes, 
chips, or scales, and it is probably caused by the 
interplay of moisture and the formation of salts. 

Comparisons of existing conditions to photo- 
graphic surveys indicate inscriptions on El Morro's 
northeast point have eroded most rapidly. Many 
inscriptions that were visible only a few years ago 
are partially or completely gone due to granular 
disintegration. This northeastern site receives 
extreme exposure to rain and wind-borne particles, 
and it also carries a concentration of surface and 
sub-surface drainage. Vegetative differences indi- 
cate that soils here retain more water than in the 
surrounding areas, and no doubt this part of the 
outcrop is subject to rising damp. Capillary action 
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is probably accelerated due to surface drying 
resulting from windy conditions. Disintegration 
may be due to the dissolution of clay rims, which 
are the principal form of cement in this particular 
Strata. 

Cove-style weathering features are located 
along specific bounding surfaces. The coves are 
probably produced by sapping, a process in which 
water percolating downward through permeable 
sandstone encounters a less permeable layer and is 
deflected outward along this layer to the surface of 
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the rock, carrying soluble cements to the surface 
where they are washed away. 

Further research is required to determine the 
interplay of environmental factors and the differing 
strata of rock. Honeycomb weathering is common 
at El Morro, and it seems to be controlled by both 
environmental factors and stratigraphic factors — 
in some areas such weathering occurs across bed- 
ding. in other areas it is restricted to certain beds. 
Some bounding surfaces appear to control the 
spalling of case hardened surfaces, although there 
is no detectable difference between beds above and 
below such surfaces. Sapping and cove weathering, 
which are concentrated on the north face, are 
restricted to certain bounding surfaces. El Morro’s 
entire geologic picture is complex due to the vari- 
ability in orientation toward prevailing, rain-bear- 
ing winds and exposure to the sun (both of which 
affect surface wetting) and to fluctuations in tem- 
perature that are responsible for frost weathering. 
A characterization of the distribution and move- 
ment of moisture throughout the outcrop is crucial 
for a more complete understanding of weathering 
at El Morro. 





Stephen Aaron Cross, formeriy with the NPS is an 
independent consultant and received his MS in 
Geology from New Mexico Institute of Mining and 
Technology. 
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Dawn Melbourne 


Epoxies, Grouts, and Inscriptions 





ocumentation at E] Morro indi- 
cates that damage has occurred 
to areas of inscribed sandstone, 
in the form of detachment and 
subsequent exfoliation of layers of stone. In 1993 
the problem of detachment at Inscription Rock 
was considered urgent when a portion of an 
inscribed layer of stcne fell off the cliff face. The 
University of Pennsylvania and NPS undertook a 
joint program to design and test treatments which 
would re-adhere the detached layers of stone to 
sound substrate. 

were chosen and treatments were desi based 
on the characterization of the stone, mechanisms 
of deterioration, identified environmental condi- 
tions, assessment of past treatments, and current 
research. These treatments were tested in the labo- 
ratory and the most promising methods were 
selected for further testing in the field. Phase two 
was implemented to field test at Inscription Rock, 
the conservation materials and systems of applica- 
tion recommended from the first phase. Aided by 
non-destructive testing (NDT), in situ evaluation 
of grout application and the assessment of the 





cient support for many materials, they do not 
always demonstrate adequate strength for materi- 
als under substantial mechanical stress such as 
the inscribed stone at El Morro. Because of their 
excellent mechanical properties, high strength 
industrial adhesives such as epoxies and cementi- 
tious grouts have long been used. These materials 
completely fill cracks and act as water sealants. 
Their success is generally equated with total re- 
adhesion, 100% contact being optimal. Only 
recently have the physico-chemical effects of this 
type of application been reconsidered on non-tra- 
ditional porous materials such as deteriorating 
stone (natural outcrops vs building materials). 
Differences in mechanical properties between 
grouts and the substrate material can be 

both to the adhesive joint and the substrate. This 
damage can be exacerbated when contact area 
between adhesive and substrate is increased, as in 


complete coverage of a void or crack, altering the 
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While grouting seemed well-suited for reat- 


taching the layers of detaching stone at El Morro, 
the question 1. ‘mained as to what type of grout 


stresses. Since high strength grouts were necessary 
to sustain mechanical forces, and large differences 
exist between mechanical properties of grouts and 
the substrate, it was thought that minimizing the 
amount of grout necessary to sustain forces 
exerted on the adhesive might eliminate some of 
An experimental program was designed to com- 
pare the properties of epoxide resins and cementi- 
tious grouts applied in various manners, and to 
and methods of application and the effects on the 
stone. 
For initial testing of treatments, commercial 
sandstone similar to El Morro’s Zuni sandstone 
was used. Commercial stone was deemed neces- 
sary to eliminate unknown variables encountered 
using naturally weathered stone from the site and 
quug On us euie enid eqns Geen. 
formance of the grouts rather than inconsistencies 
in the stone. “Sandwich” assemblies of unweath- 
ness of stone and detachment measured at 
Inscription Rock. The detachment joints were 
sealed, then grouted with epoxies and cementi- 
tious grouts in the following types of assemblies: 
© Types 1,2 & 3—Unmodified low modulus 
epoxies applied as continuous films 

¢ Types 4, 5 & 6—Low modulus epoxies applied 
as discrete “spot welds” modified with 5% 
fumed silica by weight to impart thixotropic 
properties ensuring that epoxy would not 
remain in place after injection 

¢ Types 7 &&—Commercial cementitious grouts 
applied as continuous films 

¢ Types 9 & 10—Combination of modified 
epoxy “spot welds” with cementitious grout 
infilling the remainder of void 

After curing, these assemblies were subjected 
to a series of laboratory experiments. Results of 
the testing program revealed several important dif- 
ferences between the grouts and the application 
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methods. A comparison of mechanical test results 


to sustain amounts of load applied in shear, not all 
systems failed in an acceptable fashion. Failure 
exhibited in assembly types 1, 2, and 3, which 
employed continuous films of epoxy, resulted in 
excessive damage to the stone. Assembly types 4 
through 10, which employed either discrete epoxy 
spot welds, continuous films of cementitious 
grouts, or a combination of both, displayed failure 
which caused little or no damage, making those 
systems more desirable because their failure was 

All grouting systems underwent cyclical 
freeze-thaw testing without any damage to the 
stone or the joint. Significant differences in the 
rate of water vapor transmission were observed. 
The epoxies greatly reduced the water vapor trans- 
mission of the stone, while the cementitious grouts 
exhibited a more favorable rate of transmission. 

As a result, the application of epoxies as a contin- 
uous film would not be advisable, as it would form 
a water vapor barrier. However, applying epoxies 
as spot welds would be more acceptable as it 

sion is hampered, allowing the escape of liquid 
and water vapor through the more porous sur- 
rounding substrate. 

It was recommended to field test epoxies 
applied as spot welds, cementitious grouts applied 
as void-filling continuous films, and a combination 
of epoxy spot welds with a cementitious grout 
films were rejected. The use of epoxy as spot 
welds alone had the advantage of introducing a 
limited amount of material into an already weak- 
ened system. reducing the amount of hazardous 
areas of contact between the epoxy and stone. 
reducing the deterioration from differences in the 
thermal coefficient of expansion of the two materi- 
als. The modulus of elasticity of the epoxy is lower 
than that of the stone, making epoxy desirable as 
a joint-forming material because, theoretically, it 
would withstand the stress of expansion of the 
stone. The disadvantage of using the spot weld 
system is that the system is dependent on the suc- 
cessful contact between the epoxy and stone. 

Although a system of continuous void-filling 
cementitious grout had the advantage of sealing 
the void from water, it could make voids larger 
through water-based chemical dissolution of the 
stone, or the internal disruptive processes of cycli- 
cal crystallization of ice and salts. Cementitious 
grouts also had the advantage of being non-toxic. 
easily handled materials. Unlike the spot welds, 
cementitious grouts applied as continuous films 
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had a greater area of contact, ensuring a higher 
percentage of successful adhesion. A disadvantage 
of using a Cementitious grout as a continuous film 
is that eventually the system may fail, and when 
failure occurs, the weight of the grout could dam- 
age the stone and contribute to dislocation. 

A combination of both systems offers the 
advantages and disadvantages of both systems. 
namely the concentrated strength of the epoxy and 


A site at El Morro was chosen to field test 
the three methods in an area with no inscriptions, 
but where the conditions of the stone were repre- 
sentative of the conditions found with the majority 
of the historic inscriptions. Prior to treatment, test 
tions were graphically documented. The areas 
were investigated using a combination of non- 
destructive techniques (NDT). The NDT showed 
that all grouting systems imparted greater physical 
continuity to the treated sandstone when com- 
pared with untreated stone (see Ennis, page 35). 

The laboratory and field testing of several 
grouting systems was instrumental in understand- 
ing the nature of grouting materials and the effect 
that application has on their success. Although all 
of the tested systems of grouting were easily 
applied in the laboratory. field applications proved 
more difficult. Due to the high clay content of the 
stone, which made it expansive upon wetting, it 
was difficult to preclean the voids and then inject 
the grouts. This study demonstrated that the suc- 
cess of a treatment depends on both the compati- 
bility of materials and the system of application. 
Although the epoxy was found to be unacceptable 
as a grouting material when applied as a continu- 
ous void-filling film. it performed very well when 
applied as isolated spot welds. While the success 
of the grouts applied during the field testing is still 


being evaluated, the method of epoxy application 
should be considered and tested as an alternative 


to reattachment with full cavity injection using 
high strength grouts. 

Team. Dawn Melbourne and 
Angelyn Bass (formerly with NPS). 


Dawn Melbourne is a Project Manager/Architectural 
Conservator for Integrated Conservation Resources. 
Inc. and has an MS in historic preservation from the 
University of Pennsylvania. 





CRM Ne 10—1997 





Marie Ennis 








Non-destructive Testing 
at El Morro 





ondestructive tests were con- 
ducted at E] Morro during the 
field application of pilot treat- 
ments in 1994 (see Melbourne, 
page 33) and again in 1995 after one year of cure. 
The tests were conducted by Dennis Sack of 
Olsen Engineering using Impact Echo and 
Spectral-Analysis-of Surface-Waves (SASW). 
Results were analyzed by Olsen Engineering and 
a report made to the National Park Service. Three 
locations were selected for testing of treatments to 
which the NDT tests were applied. 

The selected areas of sandstone 
eneundinebenebautinds 
injection of epoxy and grout. Non-destructive test- 
ing was performed at the repair sites prior to 
repairs for control dzta. and again approximately 
24 hours after treatment. Those tests indicated that 
there had been a general improvement in the struc- 
tural stability, or stiffness, of the treated sandstone 
at all repair locations. 

Re-testing was scheduled for one year after 
the initial repairs to determine if the condition of 
sure to the elements. At the location of the epoxy 
“spot weld” repair, the one-year test results were 
similar to the 24-hour results. At the two locations 
where the “spot welds” were augmented by cemen- 
had actually been an improvement in the stiffness 
of the treated sandstone areas. This strength 
increase can be attributed to the curing process 
whereby the injected grout continued to gain 
strength after the initial 24-hour set. The overall 
results indicate that the treated areas, which had 
were still of improved soundness after one year of 





The use of non-destructive methods to evalu- 
ate conditions at this site is appropriate given the 
historical i of El Morro. The two meth- 
ods used, impact echo and SASW, provided the 
team with data that indicates that the repair tech- 
niques utilized here do improve the stability of 
delaminating sheets of sandstone. 

Assessing the entire site, the immense area of 
historic carvings at E] Morro present a logistical 
and for implementing treatment. The use of 
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acoustic methods such as impact Echo and SASW 
requires “hands on” access to each location and 
the collection and interpretation of numerous data 
points. Given the enormous surface areas to be 
assessed, these techniques would be too labor 
intensive and time consuming for use as an overall 
diagnostic tool. The nature of the data collected by 
baseline information for comparison of before and 

A non-destructive technique that could be 
useful for the selection of future repair sites would 
be infrared thermography. Research performed at 
tion of William Ginell has indicated that voids 
behind the face of a solid stone surface can be 
imaged with this method. The theory is that there 
will be a surface temperature differential between 
areas of solid stone relative to areas where voids 
are present beneath the surface. The advantage of 
this method is that large surface areas of stone can 
be imaged relatively quickly without “hands on” 
access. This would allow for the non-labor- 
intensive collection of data showing those locations 
where voids occur behind the face of the stone. 
vide quantitative data such as the thickness of a 
delaminated section of stone, but the qualitative 
data obtained could be used to pinpoint locations 
might be made. 

In summary, using non-destructive tech- 
niques, it is possible to evaluate the structural 
soundness of delaminating sandstone before and 
developed and implemented at E] Morro by the 
team from UPenn’s Historic Preservation program 
resulted in measurable improvement in the stabil- 
ity of the stone surfaces. After one year of exposure 
to weather, the repairs were still effective. 

Project Team. Marie Ennis, Dennis Sack of 
Olsen Engineering, Dawn Melbourne and Angelyn 
Bass, field conservators. 





Marie Ennis, Structural Engineer, is Principal for 
Einhorn Yaffee Prescott Architecture and Engineering. 
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Anne Oliver 


Pilot Conservation at El Morro 





Project Team (Lr): 





or at least 700 years, people have 

been marking their presence at 5) 
Zuni sandstone of the oulcrop is very friable, and 
the characteristics which make it so easy to 
inscribe also render i susceptible to relatively 
rapid deterioration. To preserve this remarkable 
record of human passage. 2 comprehensive dacu- 
mentation and research program was conducted 
through the combined efforts of B] Morro 
Resource Center of the National Park Service, 
and the Architectural Conservation Laboratory of 
the University of Pennsylvania. 

As identified im the assessment and geology 
projects (see Padgett and Barthulli, page 28, and 
Cross, page 30, im this issue), the major deieriora- 
tion conditions which affect the imscriptions at ©) 
in an effort to slow the rate of deterioration 
and loss, 2 range of conservation methods and 
materials was identified to address these condi- 
tions. To evaluate the efiectiveness and practicabil- 
ity of difieremt materials and methods on the Zuni 


and conducted at the Architectural Conservation 
Laboratory of the University of Pennsyhvania. 
These projects researched and tested the wse of 
epoxide and cemeni-hased prouts to fill voids and 
reattach fragments (see Melbourne, page 33), 
epoxide and ethy! silicate consolidants io reestab- 
tions (described below), and mechanical pins io 
secure detached fragments (described below). 

To apphy the results of the testing programs. 
a pilot conservation treatment project was con- 
ducted at the E] Morro in the summer of 1996. 
This project allowed for the im situ application and 
evaluation of the pinning and consolidation treat- 
ments which had proved viable in research and 
laboratory testing programs. and for the testing 
and evaluation of known and efiective treatments 
not vet tested on Zuni sandstone. All treatments 
were first applied to uninscribed Zuni sandstone 
tive of these treatments were applied to several 
rahon conditions found at the site, and which 
were in imminent danger of loss. 

Mechanical Pins 

in previous tests at £) Morro, the use of 
epoxide and cement-based proutts to secure 
detached fragments was deemed 
inefiective because alll of the 
materials were non-reversible and 
proved problematic in field appli- 
Native Americans suggested these 
propriate. To explore a third sys- 
tem of reattachment, research on 
the use of mechanical pins was 
conducted by graduate student 
Soon Kreilick. A dry system, 
which relied on friction and pres- 
sure rather than on adhesives to 
secure the pin, was chosen to 
minimize disruption of the sand- 
stone and to maximize reversibil- 


ity. 
A wide range of threaded 

stainless siee] pins and threaded 

nylon pins and sleeves was 
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selected for testing at 6] Moro on an wninsorihed 
boulder. From among these options, the most 
effective system for wae at £] Monro proved ito he a 
threaded stainless siee! pin inserted in a nylon 
sheath. Lining this system, pins were wed ito ire- 
attach the broken fragments of an imsoription 
which thad fallen to the ground, as welll as ito 
secure the detached slab immediaichy surrounding 
that inscription. Voids ihehind the surtace of the 
were filled with a2 cement-based prout 
(see below); cracks and detached edges were filled 
with nvdrauilic lime-based mortar (see below) to 

Adheswes 

To treat stone which exhibited spalling. two 
materials were tested for use as adhesives. These 
were an aorviic resin, Aorvioid B72, and an aorylic 
reduce the waier vapor permeability of the mater- 
ial to which they are applied. For this reason, their 
mse was confined to areas where an adhesive was 
necessary io reattach a spall. 

To compare the periormance of the two 
were brushed onio the test boulder. All concentra- 
mse was rejected. Difierent concentrations of 6) 
Rey Superior 200 were applied to fragments of 
Zuni sandstone found at the base of the cliff. The 
10% solution. which produced no discoloration. 
was wsed to reattach several spalls in one imsorip- 
tion. 

Consoitdants 

Consolidants are used to re-establish imter- 
granular cohesion in sione which exhibits granular 
cates have been wsed successiulhy in situations 
similar to that at £] Morro. To test the relative 
efiecthveness of these materials for the consalida- 
tion of Zani sandsione. 2 testing program was 
designed and conducted at the Architectural 
Conservation Laboratory by graduate student 
Veromica Apienc. Samples treated with an 
cate were tested jor water absorption, depth of 
tance 10 abrasion and caused less change in the 
water absorption rate of the stone, but both mate- 
nals proved satisiactory as consolidants. 

Both consolidants were applied to an eraded 
area of an wninscribed boulder at the base af the 
cate proved easier to wse im the field because no 
adjacemt 10 four badh eraded inscriptions. 
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Grouts 

In 1994, eponide resin and cement-based 
grouts were desied an the laboratory and applied in 
tidld tests at ) Monro (see Melbourne, page 33). 
Based wpon those test menuilts, the cement-based 
pilot conservation treatment io fill woids tnehind 
detached imscriptions. 

infil 

A known and tested infill material tor stone 
and masonry its a 3:1 mixture, by volume, of sand 
and hydrated inydranilic lime. To make ithe fills less 
added to ithe mortar to maich the color of the sur- 
rounding stone. 

Pigmented fills were weed to fill cracks and 
detached edges on one imscription. However. their 
wke Wats ot recommended for most inscriptions 
because the pigments leave staims wherever any 
excess mortar touches the stone; these stains are 
difficult to remove without durther eroding the 
stone. Linpigmented mortar was wsed for all other 
intills, to which a water-based wash contaming 
local soi! and clay was applied while the mortar 
was still wet. The wash stained ithe mortar to a 

Conclustons 


All of the treatments applied at £) Morro will 
he evaluated over the course of several vears. The 
with recommendations tor a tange of methods and 
These treatment recommendations, when wsed im 
conmnction with procedures designed to reduce 
the impact of deterioration mechanisms on the 
inscriptions (such as the re-direction of pround 
and surtace water away from afiected areas of the 
ouicrap and the removal of harmiul vegetation). 


will help to ensure the long-term preservation oi 





Anne Oliver ts an architectural conservator in private 
practice; she received an MS in Historic Preservation 
trom the Liniversity of Pennsvivania in 1994. 
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Kathleen Fiero 


Cliff Dwelling Walls 


The Earthen Plaster Project at Mesa Verde 











arthen plaster is an integral part of 

Pucblo architecture. At Mesa 

Verde, with its numerous standing 

Structuces protected by alcoves, ithe 
plaster is wery apparent and its importance ito ithe 
original inhabitants obviows. Wall dados and 
auras around daorways are very common. More 
slaboraie decoration ts found in virtually every 
medium ito large size cliff dwelling (20 caoms or 
more’). 


With &0 vears of monitonnge the condition of 


ithe architectural fabric of the cliff dwellings. it is 
obvious that certain plaster pans are deteriorat- 
ing at an alarming ate. The Park became con- 
cemead aipout this over 15 wears age. Several 
techniques tor re-adhering delaminating plaster 
were experimented with at Mup House in 198i: 
and an inventory of the location and condition of 
all of the plaster panels in 18 cliff dwellings was 
implemented iin 1985 and 1987. But efierts to ore- 
aie a comprehensive preservation pragram to 
atidress the special proplems of this ephemeral 
fabric faltered tor lack of funds and inability to 
find itramed conservators interested in researching 
the problem. Without 2 time-tested field program 
the NPS was mot willing to fund such a preserva- 
tion project, and without dunding no one was 
interested in developing 2 program to address the 
propiem. 

This changed when rank Matero of the 
Architectural! Conservation Laboratory of the 
University of Pennsylvania wisited ithe Park. He 


had heen working with ithe Southwest Repional 
Office on the conservation of historic plasters at 
Fort Union and trort Davis. He and lake Barrow 
had implemented a comprehensive program ito 
deal with ithe lime plaster project and they inoth 
telt that a similar approach could he wed ‘tor 
earthen plasters. Frank was interested iin itraming 
his conservation students at Penn simultane- 
oushy as he was developing a comprdhensive 
approach to the dacumentation and preservation 
of earthen plasters. Also with ithe help of noth ite 
NPS and pmvate dunding, rank elt we could 
implement such a program. He wisited tthe Park itor 
the first time in 1993 andi on ithe basis of that 
expoaure ito the resource came wp with a prelimi 
nary program. The project was divided ito three 
phases: 1) prcliminaiy field visit, chemical and 
phwsical characterization of ithe plaster and 
archival records search of previews work iin this 
area, development of a method and system ito diac- 
ument the extent and condition of the plaster: 

2) dacumentation and assessment of all ithe pre- 
historic plaster, digitization of this graphic and text 
data, laboratory testing, and design of an environ 
mental monitoring system: 3) implementation of 
pilot preservation techniques, first, in sity testing 
of the warious techniques and then dull implemen- 
tation, imstaliation of ithe environmental monitor- 
ing system, and collection of environmental data 
for nine months. Phase | tak place iin 1994 and 
was funded iby the NPS. The field work tor Phase 
2 tank place in 1995 and ithe digitization and 
report writing in 1996; and ithe initial field testing 
of the preservation techniques and ithe imstaliation 
of environmental data iin 1996. The collection of 
environmental data is on-going. in 1995 ithe jpre- 
ject was funded by an architectural conservation 
Foundation (the first such prant awarted ito the 
NPS, and the first such prant ito fund work onan 
archeological resource), 2 grant trom ithe 
Ballantine Family Trust, and Mesa Vertle National 
Park. in 1996 the project was iunded again by ithe 
Baliantine Family Trust, the Colorado State 
Historical Fund, and a NPS Challenge Cost Share 
grant. Mup House, an &0-re0m clifi dwelime on 
Wetherill Mesa, was selected tor ithe project 
because of the deteriorating condition of an impor- 
tant proup of painted plasters. the earthy testing of 
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Plaster preservation techniques at Miup House 

and, ‘tor Mesa Wendie, ithe faitiy complete dacumen- 
tation of ithe deterioration since excavation and 
exposure in 60 of ithe most dlaboratdly deco- 
rated! (Kiva at ithe site. 

This project thas heen wery successiul. There 
are now trained conservators in earthen plaster 
preservation and there is an established system itor 
documenting and treating deteriorating plaster. 

Thre down side ihas been the difficulty of tunding 
such 2 muiltiiphase project. This is prabaiiiy due ito 
two factors. First, plaster is still not considered as 


Ofitical (to preserve as Other structural (taptic—mor- 
tat, stone, wooed. And second, projects that mead 
iunding tor several vears to develop techniques 
and (test them demand an exhausting and (time 
consuming determination ito find the meaded 
funds. Frank and | would both agree that without 
ithe assistance of colleagues and students im appiy- 
ing for ithe warious grants, this project would mot 
have heen possibile. 

in (terms wf preservation, we learned that itt is 
necessary (to identify (dacument) the resource, 
understand its treatment and maintenance ‘history, 
its Chemical and physical characteristics, and ithe 
environmental parameters to which it is exposed 
‘to understand ithe causes of its deterioration. Oniy 
then iis it possible ito (treat ithe problem and estab 
lish 2 program tor longterm preservation. lin (the 
case of Wiup Hiouse ithe final decisions aout ithe 
longterm management of the watious plaster jpan- 
dis have not vet been made. The interpretive meetis 
of ithe Park as welll as ithe ability ito fund ithe recur 
Ting neecs of certain panels tor maintenance must 
he considered. Such options as backfilling, system- 
atic and regular monitoring of the condition of ithe 
plaster, and enular treatment of certam panels 
will he considered. 





Kathleen Fiero ss can archeologist at Wiesa Vertie 
National Park cand serves as preservation orew 
leader. 





Frank Matero 
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Preservation of architectural 
THINS (in prehistoric and historic 
Aites presents preat difficulties tor 
those who develop and implement 
resource management programs. Current practice 
in ithe conservation and interpretation of such 
Sites atempts ito maximize dacumentation and 
retain the original material in situ, and at the 
same ‘time requires that the interpretation of the 
Tlins ihe sensitive to their preservation and he 
intellipinile ito the miblic. This is a difficult prop 
tem for any structure in 2 mined state, and espe- 
cially tor tragile cements such as painted earthen 
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plasters, which are est wunderstead im their orig 
nail context mutt are also nightly susceptinie to 
deterioration and loss. 

Despite eatiier practices of complete or 
selective removal of architectural plasters and fin- 
ies trom mums and archeological sites, presenva- 
tion and interpretation in sity are now 
idedlopically ithe pecierred solutions. even if Pack- 
filing is (the onky option. /in sity consenation of 
architectural plasters ensures ithe possibility of 
iuture studies of ithe whole resource. and itt aftorts 
Opportunities to view the Tun as 2 Once-compiete 
structure. Surviving plasters with their finishes. im 
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Patticuiat, contripute significantiy to our under 
standing and appreciation of (these sities Dy provid 
ing intiormation on aesthetics and technolugy. and 
possifiy increasing Our understanding wf the sttes: 
architectural dunction and status. in addition, sur- 
face finishes make tangible and human what otter 
Wise Might be incomprthensinie to the vistior and 
scholar alike. 

in Sty preservation of extant plasters im 
Timed sites has received limited studly, due to ear 
lier attitudes involving ther selective removal and 
the lack of research in site conservation tech 
niques. The litte research (that has Peen executed 
‘has tocused on lime plasters on stone or prick 
masonry. (With the exception of an imitial study on 
the conservation of mud plasters at Mesa Verte ko 
veats ago (Silver |98il)), little scientific research 
treatments tor earthen plasters. |in 485. 1987. and 
99, 2 general survey of the surviving plasters 
was imitiated at Wiesa Verde m orter to quantify 
the resource and draw attention to tts condition. 


Program Design 

Phase 1. With iunding trom Wiesa Vertic 
National Patk. Phase | was begun (to collect decu- 
mettiation on the study of prthisioric plasters im 
the American Southwest. and. im particular. at 
Mesa Verte: on plaster conservation im general: 
and on ithe archeological and management histor 
of Mup Fiouse (a history found im eatiy excavation 
recorts and stabilization reports). The coliectet! 
intormation proved to Pe critical m establishing the 
exten! and previous condition of the masonry and 
plasters trom the time of excavation and stabiliza- 
tion (to the present. Also, dluting the summer of 
994. 2 detailed fei study of the pilasters specific 


conditions was made on ste m order io develop 
Standardized nomenciature and onjpective cecocding 
techniques. |in atidition, several nightly unstable 
areas of plaster were (temporarily secured as emer- 
gency conditions arose. 

A second major component of Phrase | 
incited ithe andivess and characterization of ithe 
Piasters tiling the samples taken from selected 
sites within Wiup House. iniormation assentbled 
mncluded! micromoninolegy, exccution techniques. 
compasition. and overall physical and chemical 
properties. Complete examination of these samples 
molded 2 mineralogical and microscopical anaiv- 
SiS Of the plasters use optical mictascopy, scan- 
ning electron microscopy. andiviical electron 
Microscopy (EDS). and X-ray difiractometry 
(XRD). 

Techniques of injection grouting tor reattach 
ment using udiraulic ime were (tested pased on 
previous tlated kiboraior and fecid tests. Two 
principal deterioration mechanisms—substrate 
fixtachment. anc intrdiaver delamimation (identi- 
fied diuting the fetid stutivy)—were atidiressed! im 2 
priminan itborator treatment program on tac- 
Smiles. This was dione im ortier to evaluate appro 
priate treatment options tor turther testing Poth on 
and off stte duting Phases 2 and 5. 

Phase 2. Phase 2 was ptimatiiy concemet 
with the detaiied conditions survey of the Mup 
House plasters and the environmental montionng 
of Kiva C. Buiiding on the cather patkwite plaster 
sunvey. 2 detailed reoncting of the architectural 
context and conditio ts of the pla and decorated 
wall plasters at Wiup clouse. was completed using 
the survey methodology developed in Phase 1. 
This provided acanrate and detailed! pase-lime doc 

umetiation tor immediate and 

















long-range monttiormne of ithe pias- 
ters and will serve as a guide tor 
iutture conservation (treatments. 

A second major component 
of Phase 2 was ithe design of # 
small-scale environmental moni- 
‘toting system tor Kava C by (hon 











Fidler and Barr King of ingisin 
Hetttage. This will aliow 2 Petter 
understanding of the stte condi- 
tions identified as essential in 
tliagnosing ithe past and current 
fetetioration of the plasters. 
Conditions include amtpecit tem 
perature and relative humidity 
within the stte's dicove. ant apove 
and plow grate. sutiace tempers- 
ture. groundwall morsture and 
salts. antl wind-speed. Micrachip 
date-ioggers will retiuce the neetl 
tor frequent data rettieval on site. 
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As part of the montioting program. facsimile sam- 
pies treated duty Phase | were lett on stte tor 
hated! weathering, and will pe assessed atier one 
vear of exposure. A final report on the environ- 
menial montiorne results will pe produced m ial! 
(997 as part of Phase 5 

Phase 3. Phase 5 was prmatiiy concemet! 
with the desi zn and impiemeniation of ‘tie 
research and experiences of the previous phases 
Drougit together m2 mote! treatment program on 
Ste. and with tre msialiation of the environmental 
Montiotng system designed duty Phase 2 
Duting Phase 3. pasic stabilization as determine 
Dv Phases | antl 2 was petiormet ant evaiuaiet 
mithe decumentation. dispiay and impiet mam 
tenance of the pilasters and masonry architecture 


at Kiva C Photegrapnic. graphic. and weitien dac- 
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umentiation vf the conditions 
feivre and atier teealment were 
cardiuliy eeconied as were al 
teatime! iecnnigquecs cxccHied 
Treatment results will pe mon: 
ioret! over the research period 
and msttuctions ior conimuct! 
Mmontiorny Dy tne Nationa! Patk 
Service will pe provided! as wall 
A summer fitid program was 
instituted to provide fetid teaming 
ior pratiuaie studenis im conserva 
ton and National Patk Service 
stati 


Axchttectucal Survey in 
preparation ior the graphic 
recording of previo and existing 
conditions. 2 secior-Dy-secior 
archtiectutd syrvey of cach 
TwONSpace COTA surviviny 
piasiers and sutiace fimishes was 
undertaken at Muy tiouse 
intormation recorded meciudien 
masonry construction maietiais and techniques 
architectural teatures. and previous stapiization 
efiotis ior cach roon/space. Architectural termind- 
ug) was Pased on archeviegwis accepted regional 
vecabulaties ior Wiese Verdican and Pucpicar 
archtieciue im general 

A compiemenian survey of architectural 
Mtiormation was consiticred 2 necessary prelace iv 
conditions recortimy tor severd! reasons Frest. Dy 
tiesctinmy the architectural matetiais. teatures 
ant tepar campaigns tor cach sector. sunvevors 
etiucated! themscives with the type vatiation. and 
exten of the architiectural taptic peiore recording 
the cange of sympiomatic conditions. Second 
Disening ant recoriing ine vataities of lecation 
OxpUSUte maietias consituction. and previous 
repar with respect io condition. ctttical connec: 
tions could Pe matic petween the cause. cfiect. ant 
TECHIE patieming of dietetioration Such assoc 
trons ultimaidiy dctine the type and rate of detect 
tation ant feip estapisn the necessan 
conservation imerventions Although nol pari of 
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Linnaea A. Dix 


Materials in the Laboratory 
Earthen Plasters, Mortars, and Paints From Mug 
House 





he National Park Service is 
charged with the preservation and 
maintenance of the Pre-Columbian 
legacy at Mesa Verde National 
Park, located in the southwest corner of 
Colorado. This responsibility extends beyond the 
structural stability of the ruins to include preser- 
vation of the more ephemeral plasters and paints 
which are rapidly deteriorating and being lost. In 
1994, the Park Service, in cooperation with the 
University of Pennsylvania, embarked on a 
phased pilot project to develop a system for doc- 


umenting and stabilizing prehistoric earthen plas- 


ters at Mesa Verde. Mug House was selected as 
the model site because it has 
been fully excavated and doc- 
umented, and because it con- 
tains some of the most 
significant and intact Pre- 
Columbian plasters in the 
Park. A critical phase in the 
project was the characteriza- 
tion and analysis of represen- 
tative plaster, paint, and 
mortar samples to gain a 
basic understanding of the 
earthen building materials 
used at Mug House. Kiva C, 
the most elaborately deco- 
rated kiva in Mug House, was 
the primary focus of the 
investigation. Samples from 
Room 28, an adjacent room, 
were characterized for com- 


parative purposes. 
Mug House 


Mug House is a Classic Pueblo period (A.D. 
1100-1300) cliff dwelling located on Wetherill 
Mesa, the western boundary of the Park. It occu- 
pies a west-facing alcove and is comprised of 80 
rooms, two round towers, eight kivas, and eight 
courtyards. The above-ground, rectilinear, unit- 
style pueblos conform to the shape of the alcove 
and are ¢ ynstructed of sandstone blocks laid up in 
earthen mortar. Earthen plaster covers the interior 
walls of the kivas and above ground rooms, and 
some of the exterior walls. 
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General Methodology 

Archival research provided insight into deter- 
ioration rates and past stabilization work at Mug 
House. On site, an extensive conditions survey 
and an in situ visual inspection of the plasters led 
to the establishment of the sequence of finishes. 
During the site visit, 20 representative samples of 
plaster, paint, mortar, and soil, primarily from Kiva 
C, were collected for further investigation. 

In the laboratory, characterization of the 
samples was based on light microscopy and geo- 
physical tests. Basic physical characteristics of 
each of the 20 samples were recorded using 
mounted cross sections examined with reflected 





light microscopy. Based on the results of this sur- 
vey, eight samples were selected for further study 
of micromorphological features using thin section 
examination in polarized light, bright, and dark 
field microscopy. Due to the limited quantity of 
sample material and the difficulty of separating 
plaster layers, geo-physical tests were limited to 
base-coat plaster from Kiva C and mortar from 
Roo'r 28. The tests included grain size distribu- 
tion, plastic limit, liquid limit, soluble salt content, 
pH, and color. Additional chemical information 
was gained through x-ray diffraction analysis and 
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scanning electron microscopy with elemental dis- 
persive x-ray analysis. 

Paint finishes from both Kiva C and Room 
28 were also characterized. Physical characteris- 
tics were examined using cross and thin sections, 
and color matched to a standard color system. 
Pigment composition was evaluated through the 
use of micro-chemical spot tests and confirmed 
with scanning electron microscopy with elemental 
dispersive x-ray analysis. Results of the laboratory 
analysis are summarized in the following table. 

















SUMMARY OF DATA RESULTS 
KIVA C ROOM 28 
Number of Layers 8-14 2 
Particle Size Clay LoanVSandy Clay Clay Loam 
Distribution 29% Clay 
30% Clay 31% Silt 
21% Silt 36% Fine Sand 
49% Fine Sand 4% Coarse Sand 
Plastic Limit 17.1% 17.3% 
Liquid Limit 21% 26% 
Plasticity Index 4 9 
Soluble Salts Sulfates, Carbonates Nitrates 
pH 6.2 6.6 
Munsell Color 7.5 YR G6 7.5 YR 6/6 
(base coat) Reddish Yellow Reddish Yellow 
Clay Minerals Kaolinite with some Kaolinite with some 
Iilite and Smectite Iilite ard Smectite 
Non-Clay Minerals Quartz Quartz 
Gypsum 
Elemental Profile Si, Al, O- Si, Al, O - primary 
Fe,C,Ca,K,Mg,S Fe, C, Ca, K, Mg 
Conclusions 
Change in Appearance 


The wall surfaces of Kiva C and the exterior 
of Room 28 were treated in different ways by the 
inhabitants who occupied Mug House. The inte- 
rior of Kiva C was plastered at least five times and 
elaborately painted in the later periods of its occu- 
pation. In contrast, the west exterior wall of Room 
28 received only one coat of plaster and one 
painted finish. No finishes remain on its interior. 
The practice of frequently replastering kiva walls 
is common throughout the prehistoric southwest. 
Variations in treatment almost certainly reflect the 
uses of and attitudes toward the spaces by their 
inhabitants. 
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Plasters 

Ancient puebloan plasterers used different, 
although similar, recipes in Kiva C and Room 28. 
The plasters in both rooms are similar in terms of 
the basic features of the fine and coarse fractions 
of the samples, color, pH, clay mineralogy, and 
elemental composition. The gross principal differ- 
ences between the Kiva C plasters and the Room 
28 plasters are the number of layers applied to the 
wall (14 layers of paint and plaster in Kiva C vs. 2 
layers in Room 28), layer thickness (the Room 28 
layers are much thicker than those in Kiva C), and 
the particle size distribution (plaster from Room 
28 contains a higher ratio of coarse to fine parti- 
cles than the Kiva C plasters). This evidence sug- 
gests that disparate, though similar, soils were 
used to prepare the earthen plasters for the two 
rooms, or the same soil was enhanced through 
sifting or the addition of sand to better suit its 
intended use. 

Compositional analysis provides insights 
into some of the critical properties that make plas- 
ter durable and suggests that the Pre-Columbian 
cultures had an empirical knowledge of the materi- 
als required for durable plasters. The base coat 
plaster is a sandy clay loam (39% clay, 4% silt, 
49% fine sand), a recipe that approximates the 
National Bureau of Standards recommendations 
for a stable adobe mix. The fine sand controlled 
shrinkage, an important performance property for 
a surface finish that is aesthetic as well as insula- 
tive. The plaster’s liquid limit, plastic limit, and 
low plasticity index also suggest that the plaster is 
fairly resistant to swelling and shrinkage in the 
presence of water. The mineral composition of the 
clay fraction supports its stability as well; the 
dominant clay mineral is kaolinite, a stable clay 
mineral, with only small amounts of the more 
reactive clay minerals illite and smectite. Gypsum 
in the plaster may have enhanced its setting prop- 
erties and continues to enhance its durability. 

Mortars 

Mortars and plasters were clearly distin- 
guished in the laboratory. Similar in many 
respects, contrasts between plasters and mortars 
relate largely to particle size distribution and its 
efiect on texture and soil behavior, and in the non- 
clay minerals in the soil. Mortars appear coarser 
in texture than the plasters and contain anomalies 
and inclusions not observed in the plasters. 
Physical tests showed that the mortars and plas- 
ters contain approximately the same percentage of 
clay (roughly 30%) but deviate in their ratios of 
silt and sand. The Kiva C plaster contains a 
greater percentage of sand (49% fine sand) than 
the mortar (40% sand: 36% fine sand, 4% coarse 
sand), a feature that minimizes shrinkage. The 
mortar has a higher plasticity index than the plas- 
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Kiva C painted 
plaster dado 


Cross-section of 
Kiva C layers, Mug 
House 








ter. indicating that the mortar is less dimensionally 


stable in the presence of water. X-ray diffraction 
analysis revealed the presence of gypsum, a non- 
clay mineral commonly found in southwestern 
soils, in the Kiva C plaster, but not in the mortar 
sample. The variations found were what one might 
expect, given the structural function of the mortar 
(knitting together the sandstone wall) versus the 
decorative and insulative function of the plaster. 
Other factors that could influence material selec- 
tion are the importance of shrinkage resistance in 
the plaster (not quite as important in the mortar). 
and preparation at different times or by different 
people. 
Painted Finishes 

Basic painting techniques in Kiva C and 
Room 28 were quite similar. In situ observation of 
the walls in both rooms and microscopic examina- 
tion of cross and thin sections suggest that the 
general practice was to cover the sandstone wall 
with a tan base plaster by hand, paint it with 
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diluted clay washes, incise the 
decorative design into the 
plaster with a pointed instru- 
ment, and apply any addi- 
tional paint with brushes. 
Striations in the plaster and 
the difficulty of clearly distin- 
guishing the horizon between 
plaster and paint in many of 
the samples lead to the con- 
clusion that the incised 
designs and fresh paint were 
applied to the wall while the 
plaster was still damp. 

The painted finishes are 
essentially washes of diluted 
clay, probably derived from 
mineral nodes, rocks, and 
clays of the desired color. 
Under the microscope, the fin- 
ishes have a smooth, clayey 
texture with few inclusions 
and intense color. Clay and 
microcrystalline calcite are the 
likely binders. The presence of 
organic binding media in the 
finishes remains unknown. 

Microchemical tests 
showed that paint pigments 
are derived from mineral 
sources and were the same 
pigments employed by Pre- 
Columbian muralists in other 
southwestern settlements. The 
red finish in both rooms is 
iron oxide. The orange finish 
is very similar to the red finish 
except for the orange color of 
its clayey matrix; it too is iron oxide. The white 
lavers are all calcium carbonate. White layers are 
tvpically thicker than the red and orange lavers, 
possibly to increase their opacity and hiding 
power. 
Linnaea Dix is Assistant Conservator for Wharton 
and Griswold and Associates in Los Angeles and 
received her MS in Historic Preservation from the 
University of Pennsylvania in 1990. 


Photos by the author. 
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Ruins Preservation 


Pre-Colombian and Historic Ruins Preservation 


in the Arid Southwest 








rom the time human beings first 

occupied the North American conti- 

nent, they have sought shelter. 

Throughout history shelter has 
developed in many different forms, including the 
construction of stone masonry and earthen struc- 
tures. Many of the earliest buildings and associ- 
ated remains have become national parks and 
monuments in the Southwest. Consequently, the 
National Park Service has become responsible 
for their preservation, and, during the past 90- 
plus years, has provided varying levels of main- 
tenance. 

During the late 1890s and early 1900s 
American archeological research concentrated on 
large archeological sites related to the modern 
tribes of an area, and moved forward in perspec- 
tive rather than backward in time. American 
archeologists such as Adolf Bandelier, George 
Pepper, Frank Cushing, and Jesse W. Fewkes 
began to discover the American Southwest. They 
encountered the major cultures of the Southwest 


Chaco preservation at a time when some of the young people of those 
crew in 1991. cultures had never seen a white person. In 1907, 
fom by Mike Fewkes, then head of the Bureau of American 


Ethnology, pushed for an expanding archeological 
knowledge base by re-examining old excavations 
and conducting new excavations. He stipulated 
that the sites should be prepared for public visita- 
tion “by applying simple stabilization proce- 
dures.” This emphasis on excavation of 
archeological sites for the public developed into a 
progressive excavation of new sites. However, this 
period of excavation was short, because the costs 
of stabilizing structures rapidly ate up the meager 
funds appropriated annually for “antiquities.” The 
lack of adequate funding for preservation persists 
to the present. 

During the early 1900s, stabilization tech- 
niques primarily consisted of the use of cement 
capping and native soils. Other techniques were 
also tried, such as the encapsulation of walls and 
construction of a shelter (Casa Grande National 
Monument); and anchoring and aligning of walls 
through the use of steel angles, rods, and turn- 
buckles (Mesa Verde National Park). 

As the 20th century unfolded, archeological 
activity in the United States became popular. 
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Eastern institutions of higher learning sent arche- 
ologists into the Southwest to expand their knowl- 
edge of its history. Cultures were identified, time 
periods delineated, ethnography introduced, pro- 
fessional meetings convened, and development of 
archeological sites for research and public use 
generally established—all these activities influ- 
enced the National Park Service. Noted archeolo- 
gists such as Earl Morris, Alfred Kidder, and Neil 
Judd excavated, documented, treated—and at 
times reconstructed—portions of the sites they 
worked on using stabilization techniques as 
before. These activities constitute the fundamen- 
tal origins of ruins preservation in the Southwest. 
For better or worse, everyone following these indi- 
viduals must reflect on the work of these forerun- 


ners. 
In 1924, ruins preservation became a recog- 
nized and regularly funded activity in the NPS. 
Then the Great Depression brought a significant 
change to archeology in the Southwest. Relief 
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wolls in 1959. 
Photo by RL 
Wilson, NPS. 





work spilled into archeology and stabilization, 
and emphasized the employment of both 
unskilled workers and skilled workers—the latter 
including engineers, artists, and anthropologists. 
More archeological sites were excavated and sta- 
bilized. This decade was critical to the develop- 
ment of modern archeology. 

A change in the approach to ruins stabiliza- 
tion can be detected between 1930 and 1935, 
probably due to a recognition that the authenticity 
of original architecture was being compromised. 
On March 31, 1931, the National Park Service 
issued the following notice: 

The National Park Service is seeking 
means of protecting Pueblo ruins from 
weathering. The ideal solution would be a 
transparent, waterproof coating which could 
be sprayed on the walls, but no suitable 
product has been found, and the Service 
announced today it would welcome sugges- 
tions for a substitute. 

This call reflected a desire to find less inva- 
sive materials and methods to stabilize walls. It 
was hoped that a single cure-all material existed 
that could be applied to protect the surface of 
ruins and replace the heavy-handed work of 
reconstituting walis. This desire for a material 
solution remains a proverbial carrot in front of 
preservationists today. 

Surely marketing people must have seen the 
potential for such a miracle cure, and it was prob- 
ably this promise that led to the field testing of a 
variety of proprietary materials. Many of the 
national parks had their own materials that they 
tested on their ruins. But none emerged as the 
solution. Frustrated, the National Park Service 
working collaboratively with Stanford University 
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B decided to make its own 
preservative, NPSX. It also 
failed. 

The search for wonder 
cures did not end with NPSX. 
In 1932, Standard Oil pre- 
sented their contender which 
they touted as the cure for 
earthen mortar erosion, Soil- 
Bitumen 1, an admixture of 
emulsified asphalt. In 1940, 
the Director's Committee on 
Ruins Stabilization declared 
that bitumen-stabilized soil 
demonstrated a positive value, 
Stating, “It is highly probable 
that they (bitumen-stabilized 
soil and techniques) will con- 
| tinue to occupy an important 
position in the family of tech- 
niques that may eventually be 
developed.” Unfortunately, the claims for bitumen- 
stabilized soils did not prove out. 

Asphalt mixtures continued to be used in dif- 
ferent forms up into the late 1940s. The only one 
of these developments that succeeded was contem- 
porary stabilized adobes which are treated with an 
asphalt emulsion. Asphalt-stabilized adobe bricks 
became a commercial industry standard. 

The 1940 Director's Committee on Ruins 
Stabilization discussed problems in ruins preser- 
vation. They recognized that “The basic deficiency 
is material,” and that “It is very probable that 
superior methods of application will quickly follow 
the development of suitable materials.” However, 
in the interim period, cement mortar colored to 
match the native mortar was used, although its 
position as a major n._ rtar solution had slipped. 

Between 1941 and 1946, soil cements (com- 
binations of soil and Portland cement) were being 
studied, and were deemed a satisfactory mortar. 
They were subsequently used in ruins preservation 
throughout the Southwest. Soil cements tinted 
with colorants, however, often resulted in unsatis- 
factory colors or shifts in color over time. 

World War II and the Korean War inter- 
rupted the search of chemical solutions for ruins 
preservation. In the 1940s, the value of resins, 
plastics, and silicon esters was recognized, but 
they were not researched until after World War II. 
The 1940 Director's Committee on Ruins 
Stabilization had the vision to realize that tech- 
niques and materials were deficient, and “must be 
supplemented by materials of different characteris- 
tics which probably will be found only in the 
developments of industrial chemistry. The resins, 
and silicon ester in particular, appear to offer hope 
of eventual solution.” 





Casa Grande 
Navona! 
Monument test 
walls from the 
1970s, as seen in 


Fort Union test 
walls from | 959 
as seen in | 996. 


Photo by jake 
Barrow. 


Wartime industries also 
contributed technological 
developments such as silicone 
sprays. Between 1958-1968. 
bonding agents that could 
permanently adhere to old 
surfaces were investigated. 
Out of these studies emerged 
the concrete adhesive 
Daraweld®, still used in ruins 
preservation today. In the late 
1960s, a call came from the 
parks for research to discover 
a more appropriate mortar. 
Superintendents as well as 
other regional personnel 
requested a controlled pro- 
gram of material research and 


testing. New mortar amendments and also non-tra- 


ditional preservation methods such as backfilling 
were sought. 

In the early 1970s the desire for a perma- 
nent hard mortar was replaced by a thrust to 
develop a mortar which did not harm the resource 
as some cements and soil cements did. Testing on 
original fabric was banned, and in December of 
1974 a moratorium was placed on the use of 
cement in ruins stabilization. New materials had 
to be evaluated by the National Bureau of 
Standards. Problems such as cracking or moving 
walls were monitored to determine if problems 
existed prior to treatment. Instead of the wall and 
ruins treatment that characterized past 
approaches, ruins received the minimum interven- 
tive treatment. 

In 1973, Dr. Darrel Butterbaugh, a retired 
chemist from Rohm and Haas Corporation work- 
ing for the Museum of Applied Science Center for 
Archeology, University Museum. University of 
Pennsylvania, Philadelphia. initiated a testing pro- 
gram at Bent’s Old Fort 
National Historic Site and 
Chaco Culture National 
Monument (now Chaco 
Culture National Historical 
Park). Butterbaugh intro- 
duced numerous new chemi- 
cals including the acrylic 
emulsion Rhoplex®, a cement 
amendment developed for the 
construction industry. At 
Chaco, Butterbaugh tested 
materials on pithouse sites, 
Lizard House, and Pueblo del 
Arroyo. Once again, sprays 
and water repellents were 
tested. In particular, a 


Japanese spray solution— 
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Takenaka Aqua-Reactive Chemical Soil 
Stabilization System—held promise, but failed. 

The increasing sensitivity in testing new 
preservation materials on historic fabric, the lim- 
ited space in existing ruins, and the variability of 
exposure motivated more controlled testing. A new 
testing program was proposed directed by Dennis 
Fenn, the National Park Service's Cooperative 
Park Scientist at the University of Arizona. In 
1977, a test ruin appropriately named “Kin Fenn” 
(Navajo for Fenn’s house) was completed at 
Chaco. The test involved the accelerated weather- 
ing of mortars in a sandstone masonry ruin, and 
mortar patties left in open exposure. Despite expo- 
sure to all cardinal directions, Kin Fenn and many 
of the mortar patties still remain today. 

Based on these studies, the acrylic emulsion 
Rhoplex® E-330, along with Daraweld®, were 
selected as useful. These water-based emulsions 
were able to strengthen mortar and still allow 
transmission of water vapor through of the mortar. 
Rhoplex® E-330 was initially used in the stabiliza- 
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Park Service gave its approval for the use of 
Rhoplex® at Wijiji, the application of this chemi- 
cal in ruins stabilization spread rapidly because 
there was a strong interest in a product to help 
managers care for their cultural resources. 
Unfortunately, Rhoplex® was used with little or no 
understanding of its limitations. Field practitioners 
didn't know that it could spoil, that it would not 
set up well in cold temperatures. and that it would 
not set up in a wet soil that did not dry out. 
Finally, in the late 1980s, a representative from 
Rohm and Haas. the company that manufactures 
Rhoplex®, was invited to a National Park Service 
ruins preservation training course which helped 
formalize the correct use of Rhoplex®. 

After 17 years of use. Rhoplex®-amended 
mortars exhibited good and bad results. For the 
most part, the effects of Rhoplex® E-330 have 
been beneficial. The long history of use of 
Rhoplex® E-330 provided a good test case for 
evaluation and was investigated at three parks— 
Mesa Verde National Park. Aztec Ruins National 
Monument, and Chaco Culture National Historical 
Park—by Bob Hartzier. then a UPenn graduate 





Ann Oliver and Sharon Fleming conserve wall 
plasters at Mission San jose HS203-B, (north 
wall fragments | 1A and | 1B). 
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Student in Historic Preservation. His findings clari- 
fied the behavior of the material so that users 
could more clearly understand field attributes (see 
Hartzler, page 50). 

Attempting to slow down the effects of 
nature on ruins deterioration provides a challenge 
requiring knowledge of the past and the utilization 
of diverse methods and materials. There can be no 
single solution to all of our preservation problems. 
In the visionary words of the 1940s Director's 
Committee on Ruins Preservation. 

Stabilization may be said to be standing. 
gaunt and lean. among a multiplicity of 
unapplied techniques. The urgent need is 
exploratory study to determine applicable 
materials and their use in the light of modern 
conceptions of material physics and mechan- 
ics. Only in this way can progress be carried 
forward to that goal of preservation required 
by the organic legislation establishing the 
Service. 





Jim Trott is a Project Manager/Archeologist for the 
Conservation Program. Intermountain Cultural 
Resource Center. 
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Acrylic-modified Earthen Mortar 





n the Four Corners region of the 

United States—where Arizona. 

join—many ruins of Pre-Columbian 
cultures remain. including pueblos and related 
structures made of sandstone masonry and 
earthen mortar. These ruins often stand fully 
exposed to the weather: without roofs. without 
the earthen plasters that may have covered many 
walls, and often without adjacent supporting 
walls. which long ago collapsed. 

In an effort to stabilize and repair the ruins 

in its care, the National Park Service for nearly a 
century has used supplementary materials to 
amend, or replace. the vulnerable earthen mor- 
tar—materials including Portland cement. asphalt 
At best. these materials provide weather resistance 
to the mortars without harmful side effects: at 


It takes two ingredients to make earthen 
mortar: soil and water. It requires only water to 
destroy it. At sheltered sites, some earthen mortar 
has remained in good condition hundreds of years 
after its installation. But because most of the ruins 
are unsheltered. their modern custodians face a 
relentless opponent. Water attacks earthen mor- 
tars during rainstorms. and snow on wall tops and 
at wall bases melts. causing erosion and soaking 
into mortar and earthen fill. 

Since the mid-1970s, the Park Service has 
used an acrylic emulsion concrete additive made 
for the construction industry—Rhoplex® E-330 
Cement Mortar Modifier—to modify mortars at 
some ruins sites. Park Service stabilization experts 
developed much field experience working with 
acrylic-modified soil over the years, but sometimes 
the acrylic-amended mortars did not perform as 


A research project begun in 1994, sponsored 
jointly the National Park Service and the 
University of Pennsylvania, focused on the perfor- 
mance of this particular soil amendment by estab- 
lishing a laboratory program of investigation into 
the interaction between the emulsion and different 
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soil types, and the effects of simulated weather on 
the amended mortar. 

This research was built on earlier field and 
laboratory research by Dennis Fenn, formeriy of 
Butterbaugh, formerly a scientist with the 
University Museum of the University of 
Pennsvivania. Both Butterbaugh and Fenn began 
tives more than 20 years ago. As a result of their 
research, the use of E-330 and similar polymer 
National Park Service and other natural and cul- 
tural resource agencies over the last 20 years. 

The National Park Service selected three 
sites to participate in this research: Mesa Verde 
National Park. in Colorado: and Aztec Ruins 
National Monument and Chaco Culture National 
Historical Park, both in New Mexico. All three are 
prehistoric pueblo sites constructed primarily of 
sandstone masonry and earthen mortar, where 
Rhoplex® E-330 has been used since the late 
1970s or the early 1980s. 

Soils 

Because all three research sites are national 
preserves, preservation crews there are restricted 
park and monument boundaries. This is consid- 
ered mining, an activity not normally permitted. 
Soils must be obtained from alternate sources. 
usually outside the preserve boundaries, and these 
soils may or may not match the onginal soils used 
by the builders, in terms of : propor- 
tions of sand, silt, and clay: or color. The task of 
finding compatible mortars is made more compili- 
cated when soils must be blended to achieve suit- 
able color or texture. 

E-330 

Rhoplex® E-330 is specifically designed for 
modifying Portland cement-based materials. and 
its uses include patching and resurfacing, floor 
underiayments, pre-cast architectural building 
panels, stucco, terrazzo flooring, industrial cement 
floors. and highway and bridge deck repair. The 
manufacturer. Rohm and Haas. 
makes no claims about the performance of the 
emulsion when used as an amendment to earthen 
materials. 
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Aorvhic emulsions are ation wsed as adhe- 
sives. (Ordinary white wood and paper glues are 
primanity pohimer emutsons, and madenn imienior 
paints often wee aorvlic emulsions as a hase.) As 
the water in the emulsion evaporates, the pab- 
mers coalesce imio a towgh film. No chemical \reac- 
tion takes place; mo cunime is mecessary. The dried 
pohvmer film ts insoluble am water. It ts presumed 
that the material works as a soil amendment bby 
acting as an adhesive between soil particles. 

Rhoplex® £-330 has several qualities that 
make i an aftractive candidate for use as an 
earthen mortar amendment. In bulk, it ts stable at 
points of water. It ts water-based. so the issues af 
volatile solvent evaporation are avoided. and iit is 
compatible with tradimonal waier-hased mortars. It 
ts non-flammable and mon-tonc. Like other 
aor‘lics. and unlike some 
ather polymers, it ts relanweby 
unatiected by wihtraviolet hight. 
Dry. it ts colorless and thas |hit- 
tle effact on the appearance of 
earthen mortar. 

Research 

Three techniques were 
used Lo gain infarmanion 
about the wse and perior- 
mance of amended mortars al 
the test sites: a search of 
available iierature. including 
the work by Fenn and 
Butterhaugh: interviews with 
the stabilization crews at the 
selected sites to learn about 
success and failure un the 
field. and about current practices: and laboratory 

Mortar soils from Mesa Verde, Chaco, and 
Amec were collected and shapped to the 
Architectural Conservation Laboratory at the 
Say CO eer 
vidual characterized acconding to 111 criseria, 
including: proportion of sand. silt, and clay: type 
of clay present: amount of shrinkage upon drving; 
percentage of calcium carbonate; and color. 

To test the periormance of acrvlic-modiafied 
mortars. the mortar soils were mixed with water 
and varving proportions of Rhoplex® to form cylin- 
ders and prisms which were subjected to physical 
tests selected to represent the environmental fac- 
tors observed on site. These tests included: waiting 
bending: ability to transmit water vapor: and color 

There are no established standards for test- 
ing earthen mortars, so whenever possible, madi- 
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fied American Sooty ior Testing and Materials 
testing standards were emploved. Calor was char- 
acterized waime the Munsell sail color system. 

Tivo fests. wetting/dnying and treezimp/thaw- 
ing, were Chosen io simulaic the predominate 
ature. They were meant io test the ability of the 
pohvmer honds an the soil io comtaim the stresses 
that acour within the mortar when the clays in the 
soil become wet and expand, or the stresses that 
acour when saturated soil ireezes and expands. 

The waier vapor transmission est was 
designed to determine the efiect of varying guanti- 
ties of Rhoplex® on the ability of earthen mortars 
io transmit water vapor. (Mortar should remain 
permeable so that water and waier vapor can exit 
wet mortar, allowing the masonry and mortar to 
dry.) 





The addition of Rhoplex® £-330 had some 
predictable effects on all the mortars tested: as 
measured by resistance to bending, an imcrease im 
the proportion of E-330 to water in the mortar mix 
alwa\'s resulted im an increase in strength. regard- 
less of soul type: as measured by the transmission 
of water vapor, am imorease im the amount of E-330 
in the earthen mortar always decreased the perme- 
ability of the mortar: and when compared to 
unmodified soil, the addinon of E-330 resulted im 
increased resistamce to erosion by water. 

Examination of the mortar soils with a scan- 
mung electron microscope revealed some imieresting 
differences: Umweathered mortars made from mad- 
em repair soils examined at 5.000x magnification 
revealed a fime network of polymer filaments 
bridging shrinkage cracks im the soil, and evidence 
of a polymer coating on some soil particles. 
ments. possible evidence of 2 ruptured polymer 
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coating, muptured as the clays im the soil expanded 
and contracted. 

Conclusions 

Testing revealed that the most important pre- 
dictors of success of acrviicomaditied earthen mor- 
tars are the weather conditions at the muim and the 
properties of the mortar soil. Where mortars are 
rarehy wet, the soil type is mot as critical as iim 


mums ilhy exposed to cain and snow. Where water 
's.@ (factor, sandy soils with litte matural binder 
are Held (tagether successiulhy with the addition of 
an aorlic emulsion. Soils with a significant jper- 
centage Wi active clays continue ito shrink and 
swell as they wet and dry, mupturing the jpohymer 
honds. Careiul sdlection of mortar soil can signif 
canthy improve ithe durability of aonvlicomaditied 
earthen mortar. But hecause of special maguire- 
ments tor color or texture, or hecause of |limited 
soi] availability, aorvlic+maditied mortars may not 
he an acceptable choice at some sites. 

The National Park Service continues ito lank 
ior materials and techniques that improve the 
durability of earthen architecture. without compro- 
mising historic material. There is mot a single 
answer to sohving ithe problems of earthen mortar 
deterioration: there are alternative solutions, each 
with nenetits and abilities. 





fob Hartaler os .an archtiectural conservator at Fort 
Linton National Monument, and ‘hes an WS in 
Historic Preservation jrom ithe University a7 
Pennsvivania. 
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